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mak BRITISH ASSOCIATION. 


[Adopted by the General Committee at Leicester, 1907.] 
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Cuaprer I. 


Objects and Constitution. 


1. The objects of the British Association for the Advance- 
ment of Science are: To give a stronger impulse and a more 
systematic direction to scientific inquiry ; to promote the 
intercourse of those who cultivate Science in different parts 
of the British Empire with one another and with foreign 
philosophers ; to obtain more general attention for the objects 
of Science and the removal of any disadvantages of a public 
kind which impede its progress. 

The Association contemplates no invasion of the ground 
occupied by other Institutions. 

2. The Association shall consist of Members, Associates, 
and Honorary Corresponding Members. 

The governing body of the Association shall be a General 
Committee, constituted as hereinafter set forth; and its 
affairs shall’ be directed by a Council and conducted by 
General Officers appointed by that Committee. 

3. The Association shall meet annually, for one week or 
longer, and at such other times as the General Committee 
may appoint. The place of each Annual Meeting shall be 
determined by the General Committee not less than two years 
in advance ; and the arrangements for these meetings shall 
be entrusted to the Officers of the Association. 


Cuapter II. 
The General Committee. 


1. The General Committee shall be constituted of the 
following persons : ‘ 


(i) Permanent Members— 


(a) Past and present Members of the Council, and past 


and present Presidents of the Sections. 
1909. ; 


Objects. 
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(6) Members who, by the publication of works or 
papers, have furthered the advancement of know- 
ledge in any of those departments which are 
assigned to the Sections of the Association. 


(ii) Temporary Members— 


(a) Vice-Presidents and Secretaries of the Sections. 

(b) Honorary Corresponding Members, foreign repre- 
sentatives, and other persons specially invited 
or nominated by the Council or General Officers. 

(c) Delegates nominated by the Affiliated Societies. 

(d) Delegates—not exceeding altogether three in 
number—from Scientific Institutions established 
at the place of meeting. 


Admission. 2. The decision of the Council on the qualifications and 
claims of any Member of the Association to be placed on the 
General Committee shall be final. 


(i) Claims for admission as a Permanent Member must 
be lodged with the Assistant Secretary at least one 
month before the Annual Meeting. 

(ii) Claims for admission as a Temporary Member may be 
sent to the Assistant Secretary at any time before or 
during the Annual Meeting. 


Meetings, 3. The General Committee shall meet twice at least during 
every Annual Meeting. In the interval between two Annual 
Meetings, it shall be competent for the Council at any time 
to summon a meeting of the General Committee. 
Functions. 4, The General Committee shall 
(i) Receive and consider the report of the Council. 
(ii) Elect a Committee of Recommendations. 
(iii) Receive and consider the report of the Committee of 
Recommendations. 
(iv) Determine the place of the Annual Meeting not less 
than two years in advance. 
(v) Determine the date of the next Annual Meeting. 
(vi) Elect the President and Vice-Presidents, Local Trea- 
surer and Local Secretaries for the next Annual 
Meeting. 
(vii) Elect Ordinary Members of Council. 
(viii) Appoint General Officers. 
(ix) Appoint Auditors. 
(x) Elect the officers of the Conference of Delegates. 


(xi) Receive any notice of motion for the next Annual 
Meeting. 


COMMITTEE OF RECOMMENDATIONS. XXXV 


CuaptTer ITI. 
Committee of Recommendations. 


1. * The ex officio Members of the Committee of Recom- 

mendations are the President and Vice-Presidents of the 
Association, the President of each Section at the Annual 
Meeting, the Chairman of the Conference of Delegates, the 
General Secretaries, the General Treasurer, the Trustees, and 
the Presidents of the Association in former years. 

An Ordinary Member of the Committee for each Section 
shall be nominated by the Committee of that Section. 

If the President of a Section be unable to attend a meeting 
of the Committee of Recommendations, the Sectional Com- 
mittee may appoint a Vice-President, or some other member 
of the Committee, to attend in his place, due notice of such 

. appointment being sent to the Assistant Secretary. 

2, Every recommendation made under Chapter IV. and 
every resolution on a scientific subject, which may be sub- 
mitted to the Association by any Sectional Committee, or by 
the Conference of Delegates, or otherwise than by the Council 
of the Association, shall be submitted to the Committee of 
Recommendations. If the Committee of Recommendations 
approve such recommendation, they shall transmit it to the 
General Committee ; and no recommendation shall be con- 
sidered by the General Committee that is not so transmitted. 

Every recommendation adopted by the General Committee 
shall, if it involve action on the part of the Association, be 
transmitted to the Council ; and the Council shall take such 
action as may be needful to give effect to it, and shall report 
to the General Committee not later than the next Annual 
Meeting. 

Every proposal for establishing a new Section or Sub- 
Section, for altering the title of a Section, or for any other 
change in the constitutional forms or fundamental rules of 
the Association, shall be referred to the Committee of Recom- 
mendations for their consideration and report. 

3. The Committee of Recommendations shall assemble, 
for the despatch of business, on the Monday of the Annual 
Meeting, and, if necessary, on the following day. Their 
Report must be submitted to the General Committee on the 
last day of the Annual Meeting. 


* Amended by the General Committee at Winnipeg, 1909. 
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CuaptTer IV. 
Research Committees. 


1. Every proposal for special research, or for a grant of 
money in aid of special research, which is made in any 
Section, shall be considered by the Committee of that Section ; 
and, if such proposal be approved, it shall be referred to the 
Committee of Recommendations. 

In consequence of any such proposal, a Sectional Com- 
mittee may recommend the appointment of a Research 
Committee, composed of Members of the Association, to 
conduct research or administer a grant in aid of research, 
and in any case to report thereon to the Association ; and the 
Committee of Recommendations may include such recom- 
mendation in their report to the General Committee. 

2. Every appointment of a Research Committee shall be 
proposed at a meeting of the Sectional Committee and adopted 
at a subsequent meeting. The Sectional Committee shall 
settle the terms of reference and suitable Members to serve 
on it, which must be as small as is consistent with its efficient 
working ; and shall nominate a Chairman and a Secretary. 
Such Research Committee, if appointed, shall have power to 
add to their numbers. 

3. The Sectional Committee shall state in their reeommen- 
dation whether a grant of money be desired for the purposes 
of any Research Committee, and shall estimate the amount 
required. 

All proposals sanctioned by a Sectional Committee shall 
be forwarded by the Recorder to the Assistant Secretary not 
later than noon on the Monday of the Annual Meeting for 
presentation to the Committee of Recommendations. 

4. Research Committees are appointed for one year only. 
If the work of a Research Committee cannot be completed 
in that year, application may be made through a Sectional 
Committee at the next Annual Meeting for reappointment, 
with or without a grant—or a further grant—of money. 

5. Every Research Committee shall present a Report, 
whether interim or final, at the Annual Meeting next after 
that at which it was appointed or reappointed. Interim 
Reports, whether intended for publication or not, must be sub- 
mitted in writing. Each Sectional Committee shall ascertain 
whether a Report has been made by each Research Committee 
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appointed on their recommendation, and shall report to the 
Committee of Recommendations on or before the Monday of 
the Annual Meeting. 

6. In each Research Committee to which a grant of money 
has been made, the Chairman is the only person entitled to call 
on the General Treasurer for such portion of the sum granted 
as from time to time may be required. 

Grants of money sanctioned at the Annual Meeting 
expire on June 30 following. The General Treasurer is not 
authorised, after that date, to allow any claims on account of 
such grants. 

The Chairman of a Research Committee must, before 
the Annual Meeting next following the appointment of 
the Research Committee, forward to the General Treasurer 
a statement of the sums that have been received and ex- 
pended, together with vouchers. The Chairman must then 
either return the balance of the grant, if any, which remains 
unexpended, or, if further expenditure be contemplated, apply 
for leave to retain the balance. 

When application is made for a Committee to be re- 
appointed, and to retain the balance of a former grant, and 
also to receive a further grant, the amount of such further 
grant is to be estimated as being sufficient, together with 
the balance proposed to be retained, to make up the amount 
desired. 

In making grants of money to Research Committees, the 
Association does not contemplate the payment of personal 
expenses to the Members. 

A Research Committee, whether or not in receipt of a 
grant, shall not raise money, in the name or under the auspices 
of the Association, without special permission from the General 
Committee. 

7. Members and Committees entrusted with sums of money 
for collecting specimens of any description shall include in their 


Reports particulars thereof, and shall reserve the specimens’ 


thus obtained for disposal, as the Council may direct. 

Committees are required to furnish a list of any ap- 
paratus which may have been purchased out of a grant made 
by the Association, and to state whether the apparatus is 
likely to be useful for continuing the research in question or 
for other specific purposes. 

All instruments, drawings, papers, and other property of 
the Association, when not in actual use by a Committee, shall 
be deposited at the Office of the Association. 
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CHAPTER V. 
The Council. 


1. The Council shall consist of ea oficio Members and of 
Ordinary Members elected annually by the General Com- 
mittee. 


(i) The ex officio Members are—the Trustees, past Presi- 
dents of the Association, the President and Vice- 
Presidents for the year, the President and Vice- 
Presidents Elect, past and present General Treasurers 
and General Secretaries, past Assistant General 
Secretaries, and the Local Treasurers and Local 
Secretaries for the ensuing Annual Meeting. 

(ii) The Ordinary Members shall not exceed twenty-five in 
number. Of these, not more than twenty shall have 
served on the Council as Ordinary Members in the 
previous year. 


2, The Council shall have authority to act, in the name and 
on behalf of the Association, in all matters which do not con- 
flict with the functions of the General Committee. 

In the interval between two Annual Meetings, the Council 
shall manage the affairs of the Association and may fill up 
vacancies among the General and other Officers, until the next 
Annual Meeting. 

The Council shall hold such meetings as they may think 
fit, and shall in any case meet on the first day of the Annual 
Meeting, in order to complete and adopt the Annual Report, 
and to consider other matters to be brought before the General 
Committee. 

The Council shall nominate for lection by the General 
Committee, at each Annual Meeting, a President and General 
Officers of the Association. 

Suggestions for the Presidency shall be considered by the 
Council at the Meeting in February, and the names selected 
shall be issued with the summonses to the Council Meeting in 
March, when the nomination shall be made from the names 
on the list. 

The Council shall have power to appoint and dismiss 
such paid officers as may be necessary to carry on the work 
of the Association, on such terms as they may from time to 
time determine. 
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3. Election to the Council shall take place at the same Elections. 
time as that of the Officers of the Association, 


(i) At each Annual Election, the following Ordinary 
Members of the Council shall be ineligible for re- 
election in the ensuing year : 

(a) Three of the Members who have served for the 
longest consecutive period, and 
(6) Two of the Members who, being resident in or near 
London, have attended the least number of meet- 
ings during the past year. 
Nevertheless, it shall be competent for the Council, by 
an unanimous vote, to reverse the proportion in the 
order of retirement above set forth. 


(ii) The Council shall submit to the General Committee, 
in their Annual Report, the names of twenty-three 
Members of the Association whom they recommend for 
election as Members of Council. 

(iii) Two Members shall be elected by the General Com- 
mittee, without nomination by the Council ; and this 
election shall be at the same meeting as that at which the 
election of the other Members of the Council takes place. 


Any member of the General Committee may propose 
another member thereof for election as one of these two 
members of Council, and, if only two are so proposed, 
they shall be declared elected ; but, if more than two 
are so proposed, the election shall be by show of hands, 
unless five members at least require it to be by ballot. 


Cuapter VI. 
The President, General Officers, and Staff: 


1. The President assumes office on the first day of the The Presi- 
Annual Meeting, when he delivers a Presidential Address. et: 
He resigns office at the next Annual Meeting, when he 
inducts his successor into the Chair. 
The President shall preside at all meetings of the Associa- 
tion or of its Council and Committees which he attends in his 
capacity as President. In his absence, he shall be represented 
by a Vice-President or past President of the Association. 
2. The General Officers of the Association are the Genera] General 
Treasurer and the General Secretaries. anes a 


xl RULES OF THE BRITISH ASSOCIATION. 


It shall be competent for the General Officers to act, in 
the name of the Association, in any matter of urgency which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 


meeting. 
‘The General 3. The General Treasurer shall be responsible to the 
Treasurer. General Committee and the Council for the financial affairs 
of the Association. 
The General 4. The General Secretaries shall control the general 


Secretaries. organisation and administration, and shall be responsible to 
the General Committee and the Council for conducting the 
correspondence and for the general routine of the work of 
the Association, excepting that which relates to Finance. 

The Assistant 5. The Assistant Secretary shall hold office during the 

Eesebary pleasure of the Council. He shall act under the direction 
of the General Secretaries, and in their absence shall repre- 
sent them. He shall also act on the directions which may 
be given him by the General Treasurer in that part of his 
duties which relates to the finances of the Association. 

The Assistant Secretary shall be charged, subject as afore- 
said: (i) with the general organising and editorial work, and 
with the administrative business of the Association ; (ii) with 
the control and direction of the Office and of all persons 
therein employed ; and (iii) with the execution of Standing 
Orders or of the directions given him by the General Officers 
and Council. He shall act as Secretary, and take Minutes, at 
the meetings of the Council, and at all meetings of Com- 
mittees of the Council, of the Committee of Recommendations, 
and of the General Committee. 

Assistant 6. The General Treasurer may depute one of the Staff, as 

Treasurer. Assistant Treasurer, to carry on, under his direction, the 
routine work of the duties of his office. 

The Assistant Treasurer shall be charged with the issue of 
Membership Tickets, the payment of Grants, and such other 
work as may be delegated to him. 


Cuaprer VII. 
Finance. 


2 nea 1. The General Treasurer, or Assistant Treasurer, shall 
‘receive and acknowledge all sums of money paid to the 
Association. He shall submit, at each meeting of the 

Council, an interim statement of his Account; and, after 
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June 30 in each year, he shall prepare and submit to the 
General Committee a balance-sheet of the Funds of the 
Association. 

2. The Accounts of the Association shall be audited, 
annually, by Auditors appointed by the General Committee. 

3. The General Treasurer shall make all ordinary pay- 
ments authorised by the General Committee or by the 
Council. 

4. The General Treasurer is empowered to draw on the 
account of the Association, and to invest on its behalf, 
part or all of the balance standing at any time to the credit 
of the Association in the books of the Bank of England, 
either in Exchequer Bills or in any other temporary invest- 
ment, and to change, sell, or otherwise deal with such tem- 
porary investment as may seem to him desirable. 

5. In the event of the General Treasurer being unable, 
from illness or any other cause, to exercise the functions of 
his office, the President of the Association for the time being 
and one of the General Secretaries shal] be jointly empowered 
to sign cheques on behalf of the Association. 


CuaptTer VIII. 
The Annual Meetings. 


1. Local Committees shall be formed to assist the General 
Officers in making arrangements for the Annual Meeting, and 
shall have power to add to their number. 

2. The General Committee shall appoint, on the recom- 
mendation of the Local Reception or Executive Committee for 
the ensuing Annual Meeting, a Local Treasurer or Treasurers 
and two or more Local Secretaries, who shall rank as officers 
of the Association, and shall consult with the General Officers 
and the Assistant Secretary as to the local arrangements 
necessary for the conduct of the meeting. The Local Treasurers 
shall be empowered to enrol Members and Associates, and to 
receive subscriptions. 

3. The Local Committees and Sub-Committees shall under- 
take the local organisation, and shall have power to act in the 
name of the Association in all matters pertaining to the local 
arrangements for the Annual Meeting other than the work of 
the Sections. 
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CuapreR IX. 
The Work of the Sections. 


1. The scientific work of the Association shall be trans- 
acted under such Sections as shall be constituted from time 
to time by the General Committee. 

It shall be competent for any Section, if authorised by the 
Council for the time being, to form a Sub-Section for the 
purpose of dealing separately with’ any group of communica- 
tiens addressed te that Section. 

2. There shall be in each Section a President, two or 
more Vice-Presidents, and two or more Secretaries. They 
shall be appointed by the Council, for each Annual Meet- 
ing in advance, and shall act as the Officers of the Section 
from the date of their appointment until the appoint- 
ment of their successors in office for the ensuing Annual 
Meeting. 

Of the Secretaries, one shall act as Recorder of the Section, 
and one shall be resident in the locality where the Annual 
Meeting is held. 

3. The Section Rooms and the approaches thereto shall 
not be used for any notices, exhibitions, or other purposes 
than those of the Association. 

4. The work of each Section shall be conducted by a 
Sectional Committee, which shall consist of the following :— 


(i) The Officers of the Section during their term of office. 

(ii) All past Presidents of that Section. 

(iii) Such other Members of the Association, present at 
any Annual Meeting, as the Sectional Committee, 
thus constituted, may co-opt for the period of the 
meeting : 


Provided always that— 


(a) Any Member of the Association who has served on 
the Committee of any Section in any previous year, 
and who has intimated his intention of being present 
at the Annual Meeting, is eligible as a member of 
that Committee at their first meeting. 

(b) A Sectional Committee may co-opt members, as above 
set forth, at any time during the Annual Meeting, 
and shall publish daily a revised list of the members. 
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(c) A Sectional Committee may, at any time during the 
Annual Meeting, appoint not more than three persons 
present at the meeting to be Vice-Presidents of the 
Section, in addition to those previously appointed 
by the Council. 


5. The chief executive officers of a Section shall be the 
President and the Recorder. They shall have power to act on 
behalf of the Section in any matter of urgency which cannot 
be brought before the consideration of the Sectional Com- 
mittee ; and they shall report such action to the Sectional 
Committee at its next meeting. 

The President (or, in his absence, one of the Vice-Presi- 
dents) shall preside at all meetings of the Sectional Committee 
or of the Section. His ruling shall be absolute on all points 
of order that may arise. 

F The Recorder shall be responsible for the punctual trans- 
: 


~~ eo = s. © 


- mission to the Assistant Secretary of the daily programme of 
his Section, of the recommendations adopted by the Sectional 
Committee, of the printed returns, abstracts, reports, or papers 
appertaining to the proceedings of his Section at the Annual 
Meeting, and for the correspondence and minutes of the 
Sectional Committee. 

6. The Sectional Committee shall nominate, before the 
close of the Annual Meeting, not more than six of its own 
members to be members of an Organising Committee, with 
the officers to be subsequently appointed by the Council, and 
past Presidents of the Section, from the close of the Annual 
Meeting until the conclusion of its meeting on the first day of 
the ensuing Annual Meeting. 
| Each Organising Committee shall hold such Meetings as 
are deemed necessary by its President for the organisation 
_ of the ensuing Sectional proceedings, and shall hold a meeting 
on the first Wednesday of the Annual Meeting : to nominate 
members of the Sectional Committee, to confirm the Pro- 
_visional Programme of the Section, and to report to the 
Sectional Committee. 

Each Sectional Committee shall meet daily, unless other- 
wise determined, during the Annual Meeting: to co-opt 
members, to complete the arrangements for the next day, and 
to take into consideration any suggestion for the advance- 
ment of Science that may be offered by a member, or may 
arise out of the proceedings of the Section. 

No paper shall be read in any Section until it has been 
aecepted by the Sectional Committee and entered as accepted 
on its Minutes. 
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Any report or paper read in any one Section may be read 
also in any other Section. 

No paper or abstract of a paper shall be printed in the 
Annual Report of the Association unless the manuscript has 
been received by the Recorder of the Section before the close 
of the Annual Meeting. 

It shall be within the competence of the Sectional Com- 
mittee to review the recommendations adopted at preceding 
Annual Meetings, as published in the Annual Reports of the 
Association, and the communications made to the Section at 
its current meetings, for the purpose of selecting definite 
objects of research, in the promotion of which individual or 
concerted action may be usefully employed ; and, further, to 
take into consideration those branches or aspects of knowledge 


‘on the state and progress of which reports are required : to 


make recommendations and nominate individuals or Research 
Committees to whom the preparation of such reports, or the task 
of research, may be entrusted, discriminating as to whether, 
and in what respects, these objects may be usefully advanced 
by the appropriation of money from the funds of the Associa- 
tion, whether by reference to local authorities, public institu- 
tions, or Departments of His Majesty’s Government.. The 
appointment of such Research Committees shall be made in 
accordance with the provisions of Chapter IV. 

No proposal arising out of the proceedings of any Section 
shall be referred to the Committee of Recommendations unless 
it shall have received the sanction of the Sectional Com- 
mittee. 

7. Papers ordered to be printed in eatenso shall not be 
included in the Annual Report, if published elsewhere prior 
to the issue of the Annual Report in volume form. Reports 
of Research Committees shall not be published elsewhere 
than in the Annual Report without the express sanction of 
the Council. 

8. The copyright of papers ordered by the General Com- 
mittee to be printed im extenso in the Annual Report shall 
be vested in the authors ; and the copyright of the reports 
of Research Committees appointed by the General Committee 
sha]l be vested in the Association. 
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CHAPTER X. 


Admission of Members and Associates. 


1. No technical qualification shall be required on the 
part of an applicant for admission as a Member or as an 
Associate of the British Association; but the Council is 
empowered, in the event of special circumstances arising, to 
impose suitable conditions and restrictions in this respect. 

* Every person admitted as a Member or an Associate 
shall conform to the Rules and Regulations of the Association, 
any infringement of which on his part may render him liable 
to exclusion by the Council, who have also authority, if they 
think it necessary, to withhold from any person the privilege 
of attending any Annual Meeting or to cancel a ticket of 
admission already issued. 

It shall be competent for the General Officers to act, in 
the name of the Council, on any occasion of urgency which 
cannot be brought under the consideration of the Council ; 
and they shall report such action to the Council at the next 
Meeting. 

2. All Members are eligible to any office in the Association. 

(i) Every Life Member shall pay, on admission, the sum 

of Ten Pounds. 
Life Members shall receive gratis the Annual 
Reports of the Association. 

(ii) Every Annual Member shall pay, on admissign, the 
sum of Two Pounds, and in any subsequent year 
the sum of One Pound. 

Annual Members shall receive gratis the Report 
of the Association for the year of their admission 
and for the years in which they continue to pay, 
without intermission, their annual subscription. An 
Annual Member who omits to subscribe for any 
particular year shall lose for that and all future 
years the privilege of receiving the Annual Reports 
of the Association gratis. He, however, may resume 
his other privileges as a Member at any subsequent 
Annual Meeting by paying on each such occasion 
the sum of One Pound. 

(iii) Every Associate for a year shall pay, on admission, 
the sum of One Pound. 


* Amended by the General Committee at Dublin 1908. 
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Associates shall not receive the Annual Report 
gratuitously. They shall not be eligible to serve on 
any Committee, nor be qualified to hold any office in 
the Association. 

(iv) Ladies may become Members or Associates on the 
same terms as gentlemen, or can obtain a Lady’s 
Ticket (transferable to ladies only) on the payment 
of One Pound. 

3. Corresponding Members may be appointed by the 
General Committee, on the nomination of the Council. They - 
shall be entitled to all the privileges of Membership. 

4. Subscriptions are payable at or before the Annual 
Meeting. Annual Members not attending the meeting may 
make payment at any time before the close of the financial 
year on June 30 of the following year. 

5, The Annual Report of the Association shall be forwarded 
gratis to individuals and institutions entitled to receive it. 

Annual Members whose subscriptions have been inter- 
mitted shall be entitled to purchase the Annual Report 
at two-thirds of the publication price ; and Associates for a 
year shall be entitled to purchase, at the same price, the 
volume for that year. 

Volumes not claimed within two years of the date of 
publication can only be issued by direction of the Council. 


CuaprTer XI. 
Corresponding Societies: Conference of Delegates. 
Corresponding Societies are constituted as follows: . 


1. (i) Any Society which undertakes local scientific inves- 
tigation and publishes the results may become a 
Society affiliated to the British Association. 

Each Affiliated Society may appoint a Delegate, 
who must be or become a Member of the Associa- 
tion and must attend the meetings of the Conference 
of Delegates. He shall be ea officio a Member of 
the General Committee. 

(ii) Any Society formed for the purpose of encouraging 
the study of Science, which has existed for three 
years and nuthbers not fewer than fifty members, 
may become a Society associated with the British 
Association. . 
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Each Associated Society shall have the right 

p to appoint a Delegate to attend the Annual Con- 
ference. Such Delegates must be or become either 

Members or Associates of the British Association, 
and shall have all the rights of Delegates appointed 
by the Aftiliated Societies, except that of member- 
ship of the General Committee. 

2. Application may be made by any Society to be placed 
on the list of Corresponding Societies. Such application must 
_ be addressed to the Assistant Secretary on or before the Ist of 
_ June preceding the Annual Meeting at which it is intended 
_ it should be considered, and must, in the case of Societies 
_ desiring to be affiliated, be accompanied by specimens of the 

publications of the results of local scientific investigations 
recently undertaken by the Society. 
3. A Corresponding Societies Committee shall be an- 
nually nominated by the Council and appointed by the 
_ General Committee, for the purpose of keeping themselves 
generally informed of the work of the Corresponding Socie- 
ties and of superintending the preparation of a list of the 
_ papers published by the Affiliated Societies. This Com- 
_ mittee shall make an Annual Report to the Council, and 
shall suggest such additions or changes in the list of Corre- 
_ sponding Societies as they may consider desirable. 


(i) Each Corresponding Society shall forward every year 
to the Assistant Secretary of the Association, on or 
E before June 1, such particulars in regard to the 
Society as may be required for the information of 
j the Corresponding Societies Committee. 
| (ii) There shall be inserted in the Annual Report of the 
Association a list of the papers published by 
the Corresponding Societies during the preceding 
twelve months which contain the results of local 
scientific work conducted by them—those papers 
only being included which refer to subjects coming 
under the cognisance of one or other of the several 
Sections of the Association. 


4. The Delegates of Corresponding Societies shall consti- 
te a Conference, of which the Chairman, Vice-Chairman, 
d Secretary or Secretaries shall be nominated annually by 
e Council and appointed by the General Committee. The 
members of the Corresponding Societies Committee shall be 
officio members of the Conference. 


(i) The Conference of Delegates shall be summoned by 
the Secretaries to hold one or more meetings during 
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each Annual Meeting of the Association, and 
shall be empowered to invite any Member or 
Associate to take part in the discussions. 

(ii) The Conference of Delegates shall be empowered to 
submit Resolutions to the Committee of Recom- 
mendations for their consideration, and for report 
to the General Committce. 

(iii) The Sectional Committees of the Association shall 
be requested to transmit to the Secretaries of the 
Conference of Delegates copies of any recommenda- 
tions to be made to the General Committee bearing 
on matters in which the co-operation of Corre- 
sponding Societies is desirable. It shall be com- 
petent for the Secretaries of the Conference of 
Delegates to invite the authors of such recom- 
mendations to attend the meetings of the Conference 
in order to give verbal explanations of their objects 
and of the precise way in which they desire these 
to be carried into effect. 

(iv) It shall be the duty of the Delegates to make 
themselves familiar with the purport of the several 
recommendations brought before the Conference, in 
order that they may be able to bring such recom- ° 
mendations adequately before their respective 
Societies. 

(v) The Conference may also discuss propositions 
regarding the promotion of more systematic ob- 
servation and plans of operation, and of greater 
uniformity in the method of publishing results. 


CuHaprer XII. 


Amendments and New Rules. 


Any alterations in the Rules, and any amendments 
or new Rules that may be proposed by the Council or 
individual Members, shall be notified to the General Com- 
mittee on the first day of the Annual Meeting, and referred 
forthwith to the Committee of Recommendations ; and, on the 
report of that Committee, shall be submitted for approval at 
the last meeting of the General Committee. 
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PLACES AND DATES OF PAST MEETINGS, ETC. 
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TRUSTEES AND GENERAL OFFICERS, 


1831-1909. 


TRUSTEES. 


1832-70 ‘ea R. I. Murcuison (Bart.), 
B.S. 


1832-62 oe TAYLOR, Esq., F.B.8. 
1832-39 C. BABBAGE, Esq., F.R.S, 
1839-44 F. BAILy, Esq., ERS. 
1844-58 Rev. G. PEACOCK, F.R:S. 
1858-82 General E. SABINE, F.R.8. 
1862-81 Sir P. Egerton, Bart., F.R.S. 


GENERAL T 


JONATHAN GRAY, Esq. 

JOHN TAYLOR, Esq., F.R.S. 

W. SPOTTISWOODE, Esq., F.R.S. 
Prof. A. W. WILLIAMSON, F.R.S, 


1831 

1832-62 
1862-74 
1874-91 


1872 Sir J. LUBBOCK, Bart. (now Lord 
AVEBURY), F 


1881-83 W. SPOTTISWOODE, Esq., Pres. 
RS 


1883 Lord RAYLEIGH, F.R.S. 

1883-98 Sir Lyon (afterwards 
PLAYFAIR, F.R.S. 

1898 Prof, (Sir) A. W. RUCKER, F.R.S. 


REASURERS, 
1891-98 Prof. (Sir) A. W. RickeEr, 
E.R.S. 


Lord) 


1898-190! Prof. G. C. Fosrmr, F.R.S, 


| 1904. Prof, JOHN Prrry, F.R.S. 


GENERAL SECRETARIES. 


1832-35 Rev. W. VERNON HARCOURT, 
F.R.S 

1835-36 Rev. W. VERNON HARCOURT, 

F.R.S., and F. Barty, Esq., 
ANSP 

1836-37 Rev. W. VERNON HARCOURT, 
¥.R.S., and R. I. MURCHISON, 
Esq., F.R.S. 

R. I. MurcuHIson, Esq., F.RS., 
and Rev. G. PEACOCK, F.R.S. 

Sir R. I. Murcuison, F.RB.S., 
and Major E. SABINE, F.R.S. 

1845-50 Lieut.-Colonel E. SABINE, F.R.S, 

1850-52 General HE. SABINE, F.R.S., and 
J. F. ROYLE, Esq., F.R.S. 

J. F. ROYLE, Esq., F.B.S. 

General E. SABINE, F.R.S. 

1859-61 Prof. R. WALKER, F.R.8. 

1861-62 W. Hopkins, Esq., F.R.S. 

1862-63 W. Hopkins, Esq., F.R.S., and 
Prof. J. PHILLIPS, F.R.S. 

W. Hopxins, Esq., F.R.S., and 
F. GALTON, Esq., F.R.S. 

1865-66 F. GALTON, Esq., F.R.S. 

1866-68 F. GALTON, Esq., F.R.S., and 

Dr. T. A. Hirst, F.R.S. 


1837-39 
1839-45 


1852-53 
1853-59 


1863-65 


ASSISTANT GENERAL SECRETARIES, &c.: 


1831 
1832 


JOHN PHILLIPS, Esq., Secretary. 

Prof. J. D. ForsBrs, Acting 
Secretary. 

1832-62 Prof. JOHN PHILLIPS, F.R.S. 

1862-78 G. GRIFFITH, Esq., M.A. 

“1878-80 J. HE. H. Gordon, Esq., B.A., 

Assistant Secretary. 


1881 G, GRIFFITH, Esq., M.A., Acting 
Secretary. 
i ASSISTANT § 


1904-09 A, SILVA WHITE, Esq. 


| 1909 


1868-71 Dr. T. A. Higst, F.R.S., and Dr 
T. THOMSON, F.R.S. 
1871-72 Dr.T. THOMSON, F.R.S8.,and Capt. 
DOUGLAS GALTON, F.R.S. 
1872-76 Capt. D. GALTON, F.R.S., and 
Dr. MICHAEL FostER, E.R.S. 
1876-81 Capt. D. GALTON, F.R.S., and 
Dr. P. L. ScLATER, F.B.S. 
1881-82 Capt. D. GALTON, F.R.S., and 
Prof. F. M. BALFouR, F.R.S. 
1882-83 Capt. DoUGLAS GALTON, F.R.S. 
1883-95 Sir DouGLAS GALTON, F.R.S., 
and A. G. VERNON HARcouRT, 
Esq., F.R.S. 
1895-97 A. G. VERNON HaRcouRt, Esq., 
Viet ERS? ands Prot: E. A. 
ScHAFER, E.R.S. 
1897- {aw ScHAFER, E.R.S., and Sir 
1900 W.C.ROBERTS-AUSTEN,F.R.S. 
1900-02 Sir W. C. RoBERTS-AUSTEN, 
F.R.S., and Dr. D. H. Scott, 
F.R.S. 
1902-03 Dr. D. H. Scott, F.R.S., and 
MajorP.A.MAcMAHON, F.R.S. 
Major P. A. MACMAnON, F.R.S., 
and Prof. W. A. HERDMAN, 
F.R.S. 


1903 


1831-1904. 
1881-85 Prof. T. G. Bonney, F.R.S., 


Secretary. 

1885-90 A. T. ATCHISON, Esq., M.A., 
Secretary. 

| 1890 G. GRIFFITH, Esq., M.A., Acting 
Secretary. 


1890-1902 G, GRIFFITH, Esq., M.A, 
1902-04 J. G, GARSON, Esq., M.D. 


ECRETARIES. 
O. J. R. Howarty, Esq., M.A. 
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PRESIDENTS AND SECRETARIES 


OF THE SECTIONS. 


Presidents and Secretaries of the Sections of the Association. 


Date and Place 


| 


| 


| 


Presidents 


Secretaries 


1832. 
1833. 
1834. 


1835. 
1836. 


1837. 


1838 


1839 


1840. 


1841. 
1842. 


1843. 
1844. 
1845. 
1846. 
1847. 


1848. 


1849 
1850 


1851 


MATHEMATICAL AND PHYSICAL SCIENCES. 
COMMITTEE OF SCIENCES, I.—MATHEMATICS AND GENERAL PHYSICS. 


Oxford......| Davies Gilbert, D.C.L., F.R.S. 
Cambridge |Sir D. Brewster, F.R.S. ...... 
Edinburgh |Rev. W. Whewell, F.R.S. 
SECTION A.—MATHEMATICS 
Dublin...... |Rev. Dr. Robinson ........ see 
Bristol...... ‘Rey. William Whewell, F.R.S.| 

Liverpool... Sir D. Brewster, F.R.S. ...... 

Newcastle |Sir J. F. W. Herschel, Bart., 
| E.R.S. 

Birmingham Rev. Prof. Wlhewell, F.B.S.... 
Glasgow ... Prof. Forbes, F.R.8......0..0+0+ 
Plymouth | Rev. Prof. Lloyd, F.R.S....... 
Manchester| Very Rev. G. Peacock, D.D., 

F.R.S. 
Cork.........| Prof. M‘Culloch, M.R.I.A. 
Workloccences The Earl of Rosse, F.R.S8. 
Cambridge |The Very Rey. the Dean of 
| Ely. 
Southamp- Sir John F. W. Herschel, 
ton. Bart., F.R.S. 
Oxford...... Rev. Prof. Powell, M.A., 
F.RB.S. 
Swansea ...| Lord Wrottesley, F.R.S. ...... 
. Birmingham William Hopkins, F.R.S....... 
. Edinburgh Prof. J. D. Forbes, F.R.S., 
Sec. R.S.E. 
. Ipswich ...|Rev. W. Whewell, D.D., 
F.RB.S. 
. Belfast...... Prof. W. Thomson, M.A., 
|) HIRES. ge Rn Seis 
13 GeO AP ae The Very Rev. the Dean of 
| Ely, F.R.S. 

. Liverpool...) Prof. G. G. Stokes, M.A., Sec. 

| SaRe Ss 

. Glasgow +. Rev. Prof. Kelland, M.A., 

| F.R.S., F.R.S.E. 

. Cheltenham | Rev. R. Walker, M.A., F.R.S. 

| 

paDtbliniss: sx: ‘Rev. T. R. Robinson, D.D., 

| F.R.S., M.R.LA. 
Leeds ...... Rev. W. Whewell, D.D., 
V.P.R.S. 


Rev. H. Coddington. 
Prof. Forbes. 
Prof. Forbes, Prof. Lloyd. 


AND PHYSICS. 


Prof. Sir W. R. Hamilton, Prof, 
Wheatstone. 

Prof. Forbes, W. S. Harris, F. W. 
Jerrard. 

W. S. Harris, Rev. Prof. Powell, 
Prof. Stevelly. 

Rev. Prof. Chevallier, Major Sabine, 
Prof. Stevelly. 

J. D. Chance, W. Snow Harris, Prof. 
Stevelly. 

Rev. Dr. Forbes, Prof, Stevelly, 
Arch. Smith. 

Prof. Stevelly. 

Prof. M‘Culloch, Prof. Stevelly, Rev. 
W. Scoresby. 


...|J. Nott, Prof. Stevelly. 
...| Rev. Wm. Hey, Prof. Stevelly. 


Rev. H. Goodwin, Prof. Stevelly, 
G. G. Stokes. 

John Drew, Dr. Stevelly, G. G. 
Stokes. 

Rev. H. Price, Prof. Stevelly, G. G. 
Stokes. 

Dr. Stevelly, G. G. Stokes, 

|Prof. Stevelly, G. G. Stokes, W. 
Ridout Wills. 

W.J.Macquorn Rankine,Prof.Smyth, 
Prof. Stevelly, Prof. G. G. Stokes. 
S. Jackson, W. J. Macquorn Rankine, 
Prof. Stevelly, Prof. G. G. Stokes. 
Prof. Dixon, W, J. Macquorn Ran- 
kine, Prof. Stevelly, J. Tyndall. 
B. Blaydes Haworth, J. D. Sollitt, 

Prof. Stevelly, J. Welsh. 
J. Hartnup, H. G. Puckle, Prof, 
Stevelly, J. Tyndall, J. Welsh. 
Rey. Dr. Forbes, Prof. D. Gray, Prof. 
Tyndall. 

C. Brooke, Rev. T. A. Southwood, 
Prof. Stevelly, Rev. J. C. Turnbull,’ 

Prof. Curtis, Prof. Hennessy, P. A. 
Ninnis, W. J. Macquorn Rankine,. 
Prof. Stevelly. 

Rev. S. Earnshaw, J. P. Hennessy,. 
Prof. Stevelly, H.J.S.Smith, Prof. 
Tyndall. 


—-1884. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS, 


Date and Place 


1859. foe. 
1860. Oxford...... 
1861. Manchester 
1862. Cambridge 
1863. Newcastle 

1864. Bath......... 


1865. Birmingham 


1866. Nottingham 
1867. Dundee 
1868. Norwich ... 
1869, Exeter...... 
1870. Liverpool... 


1871. Edinburgh 


1872. Brighton... 


1873. Bradford ... 


1874. Belfast...... 


1875. Bristol 


1876. Glasgow ... 


1877. 
1878. 


Plymouth... 
Dublin...... 


1879. Sheffield ... 


1880. Swansea ... 


1881. 


1882. Southamp- 
ton. 

1883. Southport 

Montreal ... 


1885. Aberdeen... 


.|Prof. Sir W. Thomson, D.C.L., 


Presidents 


The Earlof Rosse, M.A., K.P., 
F.R.S. 
Rev. B. Price, M.A., F.R.S.... 


G. B. Airy, M.A., D.C.L., 
F.RB.S. 

Prof. G. G. Stokes, M.A., 
F.R.S. 

Prof. W.J. Macquorn Rankine, 
C.E., F.R.S. 

Prof. Cayley, M.A., F.R.S., 
F.R.A.S. 

W. Spottiswoode,M.A.,F.R.S., 
F.R.A.S. 


Prof. Wheatstone, 
F.B.S. 


D.C.L., 


E.RBS. 
J. Tyndall, 
F.R.S. 
Prof. J. J. Sylvester, LL.D., 
F.RBS. 
Clerk Maxwell, 
LL.D., F.R.S. 


LL.D., 


a M.A., 


Prof. P. G, Tait, F.R.S.E. ... 


W. De La Rue, D.C.L., F.R.S. 
Prof, H. J. 8. Smith, F.R.S, 


Rev. Prof. J. H. Jellett, M.A., 
M.R.LA. 


Prof. Balfour Stewart, M.A., 
LL.D., F.R.S. 

Prof. Sir W. Thomson, M.A., 
D.C.L., F.R.S. 


Prof, G. C. Foster, B.A., F.R.8., 
Pres. Physical Soc. 

Rev. Prof. Salmon, D.D.,) 
D.C.L., F.R.S. 


George Johnstone Stoney, 
M.A., F.R.S. 

Prof. W. Grylls Adams, M.A., 
F.R.S. 

Prof. Sir W. Thomson, M.A., 
LL.D., D.C.L., F.R.S. 

Rt. Hon. Lord Rayleigh, M.A., 
F.R.S. 

Prof. O. Henrici, Ph.D., F.R.S. | 


Prof. Sir W. Thomson, M.A., 
LL.D., D.C.L., F.R.S. 


Prof. G. Chrystal, M.A., 


J. P. Hennessy, Prof. Maxwell, H. 
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Secretaries 


J. 8. Smith, Prof. Stevelly. 

Rev. G. C. Bell, Rev. T. Rennison, 
Prof. Stevelly. 

Prof. R. B. Clifton, Prof, H. J.'S. 
Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. 8S. 
Smith, Prof. Stevelly. 

Rev.N.Ferrers,Prof. Fuller, F.Jenkin, 
Prof. Stevelly, Rev. C. T, Whitley. 

Prof. Fuller, F. Jenkin, Rev. G: 
Buckle, Prof. Stevelly. 

Rev. T. N. Hutchinson, F. Jenkin, G. 
S. Mathews, Prof. H. J. S. Smith, 
J. M. Wilson. 

Fleeming Jenkin, Prof.H.J.S. Smith, 
Rev. 8S. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof. Fuller, Prof. Swan. 

Prof. G. C. Foster, Rev. R. Harley, 
R. B. Hayward. 

Prof. G. C. Foster, R. B. Hayward, 
W. K. Clifford. 

Prof. W. G. Adams, W. K. Clifford, 
Prof. G. C. Foster, Rev. W. Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

Prof. W.K. Clifford, J. W. L.Glaisher, 
Prof, A. S. Herschel, G.F. Rodwell. 


.|Prof. W. K. Clifford, Prof. Forbes, 


J. W. L. Glaisher, Prof. A. S. 
Herschel. 

J. W. L. Glaisher, Prof. Herschel, 
Randal Nixon, J. Perry, G. F, 
Rodwell. 

Prof. W. F. Barrett, J.W.L. Glaisher, 
C. T. Hudson, G. F. Rodwell. 

Prof. W. F. Barrett, J. T. Bottomley, 
Prof. G. Forbes, J. W. L. Glaisher, 
T. Muir. 

Prof. W. F. Barrett, J. T. Bottomley, 
J. W. L. Glaisher, F. G. Landon. 
Prof. J. Casey, G. F, Fitzgerald, J. 
W. L. Glaisher, Dr. O. J. Lodge. 
A. H. Allen, J. W. L. Glaisher, Dr. 

O. J. Lodge, D. MacAlister. 

W. KE. Ayrton, J. W. L. Glaisher, 
Dr. O. J. Lodge, D. MacAlister. 
Prof. W. E. Ayrton, Dr. O. J. Lodge, 
D. MacAlister, Rev. W. Routh. 
W. M. Hicks, Dr. O. J. Lodge, D. 
MacAlister, Rev. G. Richardson. 
W. M. Hicks, Prof. 0. J. Lodge, 
D. MacAlister, Prof. R. C. Rowe. 
C. Carpmael, W. M. Hicks, A. John- 
son, O. J. Lodge, D. MacAlister. 
R. E. Baynes, R. T. Glazebrook, Prof. 


F.R.S.E. 


W. M. Hicks, Prof. W. Ingram. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS, 


— EET Gaaeeaneammeanermiameemmn 


Date and Place 


Presidents 


Secretaries 
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C. J. F. Bunbury, G. W. Ormerod, 
Searles Wood. 

James Bryce, James MacAdam, 
Prof. M‘Coy, Prof. Nicol. 
Prof, Harkness, William Lawton. 
John Cunningham, Prof. Harkness, 
G. W. Ormerod, J. W. Woodall. 
J. Bryce, Prof. Harkness, Prof, Nicol. 
Rev. P. B. Brodie, Rev. R. Hep- 
worth, Edward Hull, J. Scougall, 
T. Wright. 

Prof, Harkness, G. Sanders, R. H. 
Scott. 

Prof. Nicol, H. C. Sorby, E. W. Shaw. 

Prof. Harkness, Rev. J. Longmuir, 
H. C. Sorby. 

Prof. Harkness, E. Hull, 
Woodall. 
Prof. Harkness, Edward Hull, T. 
Rupert Jones, G. W. Ormerod. 
Lucas Barrett, Prof. T. Rupert 
Jones, H. C. Sorby. 

E. F. Boyd, John Daglish, H. C. 
Sorby, Thomas Sopwith. 

W. B. Dawkins, J. Johnston, H. C, 
Sorby, W. Pengelly. 

Rev. P. B. Brodie, J. Jones, Rev. E. 
Myers, H. C. Sorby, W. Pengelly. 

R. Etheridge, W. Pengelly, T. Wil- 
son, G. H. Wright. 

KE. Hull, W. Pengelly, H. Woodward. 
Rev. O. Fisher, Rev. J. Gunn, W. 
Pengelly, Rev. H. H. Winwood. 
W. Pengelly, W. Boyd Dawkins 

Rey. H. H. Winwood. 
W. Pengelly, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Morton. 
R. Etheridge, J. Geikie, T. McKenny 
Hughes, L. C. Miall. 


J. W. 


L. C. Miall, George Scott, William 
Topley, Henry Woodward. 
L.C, Miall,R.H.Tiddeman,W,Topley. 


' Geography was constituted a separate Section, see page Ixxix, 
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1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884, 


1885. 


1886. Birmingham 


1887. 


1888. 


1889. 


~ 1890. 


1891, 
1892. 
1893. 


1894. 


: 
: 


J 


1905, South Africa 


1895. 


1896. 
1897. 


1898. 
1899. 
900. 


901. 
902, 


903. 
904. 


. Belfast 


. Bristol 
. Glasgow ... 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Ixxiil 


Presidents 


Secretaries 


eeeeee 


Plymouth... 
Dublin...... 


Sheffield ... 
Swansea ... 


Southamp- 
ton. 

Southport 

Montreal .., 


Aberdeen... 


Manchester 


Newcastle- 
upon-Tyne 
Leeds 


Cardiff ...... 
Edinburgh 

Nottingham 
Oxford...... 


Ipswich ... 


Liverpool... 
Toronto 


Bristol 


eeaeee 


Bradford ... 


Glasgow ... 
Belfast...... 


Southport 


Cambridge 


Prof. Hull, M.A., F.R.S., 
F.G.8 


Dr.T. Wright, F.B.S.E.,F.G.S, 
Prof. John Young, M.D. ...... 


W. Pengelly, F.R.S., F.G.S. 


John Evans, D.C.L., F.R.S. 
F.S.A., F.G.S. 

Prof, P. M. Duncan, F.R.S. 

H. C. Sorby, F.R.S., F.G.S.... 

A. C. Ramsay, LL.D., F.R.S., 
F.G.S. 

R. Etheridge, F.R.S., F.G.S. 


Prof. W. C. Williamson, 
LL.D., F.B.S. 

W. T. Blanford, F.R.S., Sec. 
G.S 


|Prof, J. W. Judd, F.B.S., Sec. 
G.S 


Prof. T. G. Bonney, D.Sc., 
LL.D., F.B.S., F.G.S. 

Henry Woodward, LL.D., 
E.R.S., F.G.S. 

Prof.W. Boyd Dawkins, M.A., 
F.R.S., F.G.S. 

Prof. J. Geikie, LL.D., D.C.L., 
F.R.S., F.G.S. . 

Prof. A. H. Green, 
F.RB.S., F.G.S. 

Prof. T. Rupert Jones, F.R.S., 
F.G.S8. 


M.A., 


Prof. C. Lapworth, LL.D., 

ES, IGS: 

J. 3. H. Teall, M.A., F.B.S., 
F.G.S, 

L. Fletcher, M.A., F.R.S. 


W. Whitaker, B.A., F.R.S. ... 
J. E. Marr, M.A., F.R.S....... 


.|Dr. G. M. Dawson, C.M.G., 


F.R.S. 
W. H. Hudleston, F.R S....... 


Sir Archibald Geikie, F.R.S. 
Prof. W. J. Sollas, F.R.S. 


John Horne,§F.R.S. ............ 

Lieut.-Gen. C. A. McMahon, 
F.R.S. 

Prof. W. W. Watts, M.A., 
M.Sc. 

Aubrey Strahan, F.R.S. ...... 


Prof. H, A. Miers, M,A., D.Sc., 
E.R. 


F. Drew, L. C. Miall, R. G, Symes, 
R. H. Tiddeman. 

L. C, Miall, E. B, Tawney, W. Topley, 

J. Armstrong, F. W. Rudler, W, 
Topley. 

Dr. Le Neve Foster, R. H. Tidde- 
man, W. Topley. 

HE. T. Hardman, Prof. J. O’Reilly, 
R. H. Tiddeman, 

W. Topley, G. Blake Walker. 

W. Topley, W. Whitaker. 

J. E. Clark, W. Keeping, W. Topley, 
W. Whitaker. 

T. W. Shore, W. Topley, E. West- 
lake, W. Whitaker. 

R. Betley, C. E. De Rance, W. Top- 
ley, W. Whitaker. 

F, Adams, Prof. E. W. Claypole, W. 
Topley, W. Whitaker, 

\C. EH. De Rance, J. Horne, J. J. H. 
Teall, W. Topley. 

W. J. Harrison, J. J. H. Teall, W. 
Topley, W. W. Watts. 

J. E. Marr, J. J. H. Teall, W. Top- 
ley, W. W. Watts. 

Prof G. A. Lebour, W. Topley, W. 
W. Watts, H. B. Woodward. 

Prof. G. A. Lebour, J. E. Marr, W. 
W. Watts, H. B. Woodward. 

J. E. Bedford, Dr. F, H. Hatch, J. 
EK. Marr, W. W. Watts. 

W. Galloway, J. E. Marr, Clement 
Reid, W. W. Watts. 

H. M. Cadell, J. E. Marr, Clement 
Reid, W. W. Watts. 

J. W. Carr, J. E. Marr, Clement 
Reid, W. W. Watts. 


.|F. A. Bather, A. Harker, Clement 


Reid, W. W. Watts. 

F. A. Bather, G. W. Lamplugh, H. 
A. Miers, Clement Reid. 

J. Lomas, Prof. H. A. Miers, C. Reid. 

Prof. A. P. Coleman, G. W. Lamp- 
lugh, Prof. H. A. Miers. 

G. W. Lamplugh, Prof. H. A. Miers, 
H. Pentecost. 

J. W. Gregory, G. W. Lamplugh, 
Capt. McDakin, Prof. H. A. Miers, 


.|H. L. Bowman, Rev. W. L. Carter, 


G. W. Lamplugh, H. W. Monckton, 
H. L. Bowman, H. W. Monckton. 
H. L. Bowman, H. W. Monckton, 

J. St. J. Phillips, H. J. Seymour. 
H. L. Bowman, Rev. W. L. Carter, 

J. Lomas, H. W. Monckton. 

H. L. Bowman, Rey. W. L. Carter, 

J. Lomas, H. Woods. 


H. L. Bowman, J. Lomas, Dr. Molen- 
graaff, Prof, A. Young, Prof, R. B. 
Young. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


1906 
1907 
1908 


1909 


1832 
1833 
1834 


1835. 


1836 
1837 
1838 
1839 


1840. 


1841, 
1842. 


1843. 
1844, 


1845, 
1846. 


1847. 


Presidents 


. York 


. Leicester... 
. Dublin 


. Winnipeg... 


. Oxford 


G. W. Lamplugh, F.RB.S....... 
Prof. J. W. Gregory, F.R.S.... 
Prof. John Joly, F.R.S. ...... 


Dr. A. Smith Woodward, 
FRS., 


Secretaries 


H. L. Bowman, Rev. W. L. Carter, 
Rev. W. Johnson, J. Lomas. 

Dr. F. W. Bennett, Rev. W. L. Carter, 
Prof. T. Groom, J. Lomas. 

Rev. W. L. Carter, J. Lomas, Prof, 
S. H. Reynolds, H. J. Seymour. 

W.L. Carter, Dr. A. R. Dwerryhouse, 


R T.Hodgson, Prof. S.H. Reynolds. 


BIOLOGICAL SCIENCES. 
COMMITTEE OF SCIENCES, IV.—ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 


. Cambridge’ Rev. W. L. P. Garnons, F.L.S8./C. C. Babington, D. Don. 


. Edinburgh 


. Liverpool... 
. Newcastle 


. Birmingham 
Glasgow 


Plymouth... 
Manchester 


eeceeecce 


Cambridge 

Southamp- 
ton, 

Oxford...... 


Prof, Graham 


eter eereecereeeseeee 


Dr. Allman..... Seetterncerncccee 4 
Rev. Prof. Henslow 


We Ss MaCHeny cccmcgsseconaseuss 
Sir W. Jardine, Bart. ......... 


Prots@Owen, his essesecssen 


..-|Sir W. J. Hooker, LL.D....... 


John Richardson, M.D., F.R.S. 

Hon. and Very Rev. W. Her- 
bert, LL.D., F.L.S. 

William Thompson, F.L.S.... 


Very Rev. the Dean of Man- 
chester. 


Rev. Prof. Henslow, F.L.S.... 
\Sir J. Richardson, M.D., 
F.RB.S. 


H. EK. Strickland, M.A., F.R.S. 


|W. Yarrell, Prof. Burnett. 


SECTION D.—ZOOLOGY AND BOTANY, 


J. Curtis, Dr. Litton. 

J. Curtis, Prof. Don, Dr. Riley, 8. 
Rootsey. 

C. C. Babington, Rev. L, Jenyns, W. 
Swainson. 

J. E. Gray, Prof. Jones, R. Owen, 
Dr. Richardson. 

E. Forbes, W. Ick, R. Patterson. 

Prof. W. Couper, E. Forbes, R. Pat- 
terson. 

J.Couch, Dr. Lankester, R. Patterson. 

Dr. Lankester, R. Patterson, J. A. 
Turner. 

G. J. Allman, Dr. Lankester, R, 
Patterson. 

Prof. Allman, H. Goodsir, Dr. King, 
Dr. Lankegter. 

Dr. Lankester, T. V. Wollaston. 

Dr. Lankester, T. V. Wollaston, H. 
Wooldridge. 

Dr. Lankester, Dr. Melville, T. V. 
Wollaston. 


SECTION D (continued).—ZOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 


[For the Presidents and Secretaries of the Anatomical and Physiological Sub- 
sections and the temporary Section E of Anatomy and Medicine, see p, Ixxviii.] 


1848. Swansea ...|L. W. Dillwyn, F.R.S..........; Dr. R. Wilbraham Falconer, A. Hen- 


frey, Dr. Lankester. 


1849. Birmingham | William Spence, F.R.S. ......|Dr. Lankester, Dr. Russell. 
1850. Edinburgh |Prof. Goodsir, F.R.S., F.R.S.E.|Prof. J. H. Bennett, M.D., Dr. Lan- 


1851. Ipswich 
1852. Belfast...... W. Ogilby 


1853 


. Hull 


F.R.S. 


Ae ew eee ceseessnecesesees 


kester, Dr. Douglas Maclagan. 


...|Rev. Prof. Henslow, M.A.,|Prof. Allman, F. W. Johnston, Dr. E. 


Lankester. 
Dr. Dickie, George C. Hyndman, Dr, 
Edwin Lankester. 


C. C. Babington, M.A., F.R.S.| Robert Harrison, Dr, E, Lankester. 


' At this Meeting Physiology and Anatomy were made a separate Committee 
for Presidents and Secretaries of which see p. lxxviii. 


i PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


_ 1854. Liverpool... 

1855. Glasgow ... 
_ 1856. Cheltenham 
1857. Dublin...... 

1858. Leeds ...... 
1859. Aberdeen... 

. 

1860. 


1861. 


Manchester 


1862. 
1863. 


Cambridge 
Newcastle 


1864. 


see ecocnes 


1865. Birming- 


ham,! 


1867. Dundee ... 


1868. Norwich ... 


1869, Exeter...... 


1870. Liverpool... 


ps7 1. Edinburgh . 


” 


- 
“1872. 


i J 
cf 
¥ 
1873. Bradford ... 


Brighton ... 


Presidents 


lxxv 


Secretaries 


Prof. Balfour, M.D., F.R.S.... 
Rev. Dr. Fleeming, F.R.S.E. 
Thomas Bell, F.R.S., Pres.L.S. 
Prof. W. H. Harvey, M.D., 
F.R.S. 
C. C. Babington, M.A., F.R.S. 
Sir W. Jardine, Bart., F.R.S.E. 
Rev. Prof. Henslow, F.L.S.... 
Prof. C. C. Babington, F.R.S. 


Prof. Huxley, F.R.S. 
Prof, Balfour, M.D., F.B.S.... 


Dr. John E. Gray, F.R.S. 
T. Thomson, M.D., F.R.S. ... 


Isaac Byerley, Dr. E. Lankester. 


William Keddie, Dr. E. Lankester. 

Dr. J. Abercrombie, Prof. Buckman, 
Dr. E. Lankester. 

Prof. J. R. Kinahan, Dr. E. Lankester, 
Robert Patterson, Dr. W. E. Steele. 

Henry Denny, Dr. Heaton, Dr. E. 
Lankester, Dr. E. Perceval Wright. 


| Prof. Dickie, M.D., Dr. E. Lankester, 


Dr. Ogilvy. 
W. 8S. Church, Dr. E. Lankester, P. 
L. Sclater, Dr. E. Perceval Wright. 
Dr. T. Alcock, Dr. E. Lankester, Dr. 
P. L. Sclater, Dr. E. P. Wright. 
Alfred Newton, Dr. E. P. Wright. 
Dr. E. Charlton, A. Newton, Rev. H. 
B. Tristram, Dr. E. P. Wright. 


.|H. B. Brady, C. E. Broom, H. T. 


Stainton, Dr. E. P. Wright. 
Dr. J. Anthony, Rev. C. Clarke, Rev. 
H. B. Tristram, Dr. E. P. Wright. 


SECTION D (continued).—BIOLOGY. 
1866. Nottingham Prof. Huxley, F.R.S.—Dep. Dr. J. Beddard, W. Felkin, Rev. H. 


of Physiol., Prof. Humphry, 
¥.R.S.—Dep. of Anthropol., 
A. R. Wallace. 

Prof. Sharpey, M.D., Sec. R.S. 
—Dep. of Zool. and Bot., 
George Busk, M.D., F.R.S. 

Rev. M. J. Berkeley, F.L.S. 
—Dep. of Physiology, W 
H. Flower, F.R.S. 


George Busk, F.R.S., F.L.S. 
—Dep. of Bot. and Zool. 
C. Spence Bate, F.R.S.— 
Dep. of Ethno., E. B. Tylor. 

Prof.G. Rolleston, M. A., M.D., 
F.R.S., F.L.S. — Dep. of 
Anat. and Physiol,, Prof. M. 
Foster, M.D., F.L.S.—Dep. 
of Ethno., J. Evans, F.R.S. 

Prof. Allen Thomson, M.D., 
F.R.S.—Dep. of Bot. and 
Zool.,Prof.WyvilleThomson, 
F.R.8.—Dep. of Anthropol., 
Prof. W. Turner, M.D. 

Sir J. Lubbock, Bart., F.R.S.— 
Dep. of Anat. and. Physivl., 
Dr. Burdon Sanderson, 
F.R.S.—Dep. of Anthropol., 
Col. A. Lane Fox, F.G.S. 


Prof. Allman, F.R.S.—Dep. of 


Anat.and Physiol.,Prof. Ru- 
therford, M.D.— Dep. of An- 
thropol., Dr. Beddoe, F.R.S. 


B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright. 


C. Spence Bate, Dr. S. Cobbold, Dr. 
M. Foster, H. T. Stainton, Rev. 
H, B. Tristram, Prof. W. Turner. 

Dr. T. 8. Cobbold, G. W. Firth, Dr. 
M. Foster, Prof. Lawson, H. T. 
Stainton, Rev. Dr. H. B. Tristram, 
Dr. E. P. Wright. 

Dr. T. 8. Cobbold, Prof. M. Foster, 
EH. Ray Lankester, Prof. Lawson, 
H. T. Stainton, Rev. H. B. Tris- 
tram. 

Dr. T. 8. Cobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H. 
T. Stainton, Rev. H. B. Tristram, 
C. Staniland Wake, E. Ray Lan- 
kester. 

Dr, T. R. Fraser, Dr. Arthur Gamgee, 
E. Ray Lankester, Prof. Lawson, 
H. T. Stainton, C. Staniland Wake, 
Dr. W. Rutherford, Dr. Kelburne 
King. 

Prof. Thiselton- Dyer, H. T. Stainton, 
Prof. Lawson, F. W. Rudler, J. H. 
Lamprey, Dr. Gamgee, EH. Ray 
Lankester, Dr. Pye-Smith. 


Prof. Thiselton-Dyer, Prof. Lawson, 
R. M‘Lachlan, Dr. Pye-Smith, E. 
Ray Lankester, F. W. Rudler, J. 
H. Lamprey. 


1 The title of Section D was changed to Biology. 
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PRESIDENTS -AND SECRETARIES 


OF THE SECTIONS, 


Date and Place 


Presidents 


Secretaries 


1874, Belfast...... 


1875, Bristol 


1876, Glasgow ... 


1877. Plymouth... 


1878, Dublin 


1879. Sheffield ... 


1880. Swansea ... 


1881. York. 


1882. Southamp- 
ton. 


1883, Southport 


1884. Montreal !.., 
1885. Aberdeen... 


Prof. Redfern, M.D.—Dep. of 
Zool. and Bot., Dr. Hooker, 
C.B.,Pres.R.S.—Dep. of An- 
throp., Sir W. R. Wilde, 
M.D 


P. L. Sclater, F.R.S.— Dep. of 
Anat. and Physiol., Prof. 
Cleland, F.R.8.—Dep. of 
Anth.,Prof.Rolleston,F.R.S. 

A. Russel Wallace, F.L.S.— 
Dep. of Zool. and Bot., 
Prof. A. Newton, F.R.S.— 
Dep. of Anat. and Physiol., 
Dr. J. G. McKendrick. 

J. Gwyn Jeffreys, F.R.S.— 
Dep. of Anat. and Physiol., 
Prof. Macalister.—Dep. of 
Anthropol.,F.Galton, F.R.S. 


eeecee 


cater Prof. W. H. Flower, F.R.S.— 
Dep. of Anthropol., Prof. 
Huxley, Sec. R.S.—Dep. 


of Anat. and Physiol. R. 
McDonnell, M.D., F.R.S. 
Prof. St. George Mivart, 
F.R.S.-— Dep. of Anthropol., 
E. B. Tylor, D.C.L., F.R.S. 
—Dep. of Anat. and Phy- 

siol., Dr. Pye-Smith. 

A.C. L, Giinther, F.R.S.—Dep. 
of Anat. §& Physiol., F. M. 
Balfour, F.R.S.—Dep. of 
Anthropol., ¥. W. Rudler. 

R. Owen, F.R.S.—Dep. of An- 
thropol., Prof. W.H. Flower, 
F.R.S.—Dep. of Anat. and 
Physiol., Prof. J. §. Burdon 
Sanderson, F.R.S. 

Prof. A. Gamgee, M.D., F.R.S. 
—Dep. of. Zool. and Bot., 
Prof. M. A. Lawson, F.L.S. 
—Dep. of Anthropol., Prof. 
W. Boyd Dawkins, F.R.S. 

Prof. E. Ray Lankester, M.A., 
F.R.S.—Dep. of Anthropol., 
W. Pengelly, F.R.S. 


Prof. H. N. Moseley, M.A., 
F.E.S. 

Prof. W. C. M‘Intosh, M.D., 
LL.D., F.R.S., F.R.S.E. 


1886. Birmingham/W. Carruthers, Pres. L.S., 


F.R.S., F.G.8. 


1887. Manchester | Prof. A. Newton, M.A., F.R.S., 


W.T. Thiselton-Dyer, R. O. Cunning: 
ham, Dr. J. J. Charles, Dr. P. H. 
Pye-Smith, J. J. Murphy, F. W. 
Rudler. 


E. R. Alston, Dr. McKendrick, Prof, 
W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye-Smith, Dr. 
W. Spencer. 

E. R. Alston, Hyde Clarke, Dr. 
Knox, Prof. W. R. M‘Nab, Dr. 
Muirhead, Prof. Morrison Wat- 
son. 


EK. R. Alston, F. Brent, Dr. D.-J. 
Cunningham, Dr. C. A. Hingston, 
Prof. W. R. M‘Nab, J. B. Rowe, 
F. W. Rudler. 

Dr. R. J. Harvey, Dr. T. Hayden, 
Prof. W. R. M‘Nab, Prof. J.-M. 
Purser, J. B. Rowe, F. W. Rudler. 


Arthur Jackson, Prof. W. R. M‘Nab, 
J. B. Rowe, F. W. Rudler, Prof. 
Schafer, ~ 


G. W. Bloxam, John Priestley, 
Howard Saunders, Adam Sedg- 
wick, 


G. W. Bloxam, W. A. Forbes, Rev. 
W. C. Hey, Prof. W. R. M‘Nab, 
W. North, John Priestley, Howard 
Saunders, H. HE. Spencer. 


G. W. Bloxam, W. Heape, J. B. 
Nias, Howard Saunders, A. Sedg- 
wick, T, W. Shore, jun. 


G. W. Bloxam, Dr. G. J. Haslam, 
W. Heape, W. Hurst, Prof. A. M. 
Marshall, Howard Saunders, Dr. 
G. A. Woods. 

Prof. W. Osler, Howard Saunders, 
A. Sedgwick, Prof. R. R. Wright. 

W. Heape, J. McGregor-Robertson, 
J. Duncan Matthews, Howard 
Saunders, H. Marshall Ward. 

Prof. T. W. Bridge, W. Heape, Prof. 
W. Hillhouse, W. L. Sclater, Prof, 
H. Marshall Ward. 

C. Bailey, F. E. Beddard, S, F. Har- 


F.L.S., V.P.Z.8. 


mer, W. Heape, W. L. Sclater, 
Prof. H. Marshall Ward. 


1 Anthropology was made a separate Section, see p. Ixxxy. 


: PRESIDENTS AND SECRETARIES OF THE SECTIONS. Ixxvil 


Date and Place 


1889, 


1890. Leeds 


1891. 


— 
1888. Bath 
: 


Presidents 


Secretaries 


seeeeeeee 


Newcastle - 
upon-Tyne} 


Cardiff 


W. T. Thiselton-Dyer, C.M.G., 
E.RBS., F.L.S. 


Prof. J. §8. Burdon Sanderson, 
M.A., M.D., F.R.S. 


Prof. A. Milnes Marshall, 
M.A., M.D., D.Sce., F.B.S. 


Francis Darwin, M.A., M.B., 
F.RB.S., F.L.S. 


1892. Edinburgh |Prof. W. Rutherford, M.D., 


E.R.S., F.R.S.E. 


1893. Nottingham!) Rev. Canon H. B. Tristram, 


1894. 


907, 
908. 
909, 


. Bristol., 


. Dover 
. Bradford .. 


Oxford? 


M.A., LL.D., F.B.S. 


... Prof. I. Bayley Balfour, M.A., 
F 


Sry 


. Ipswich .,, 
. Liverpool... 


= Loronto: ... 


aeeeee 


. Glasgow ... 
. Belfast...... 
. Southport 
. Cambridge 


. SouthAfrica 


Leicester ... 
Dublin...... 


Winnipeg... 


‘| Dr. BR. H. Traquair, F.B.S. ... 


F. E. Beddard, S. F. Harmer, Prof. 
H. Marshall Ward, W. Gardiner, 
Prof. W. D. Halliburton. 

C. Bailey, F. E. Beddard, S. F. Har- 
mer, Prof. T. Oliver, Prof. H. Mar- 
shall Ward. 

8. F. Harmer, Prof. W. A. Herdman, 
8. J. Hickson, F. W. Oliver H. 
Wager, H. Marshall Ward. 

¥. E. Beddard, Prof. W.A. Herdman, 
Dr. 8. J. Hickson, G. Murray, Prof. 
W.N. Parker, H. Wager. 


|G. Brook, Prof. W. A. Herdman, G. 


Murray, W. Stirling, H. Wager. 


iG. C. Bourne, J. B. Farmer, Prof. 


W. A. Herdman, S. J. Hickson, 
W.B. Ransom, W. L. Sclater. 


|W. W. Benham, Prof. J. B. Farmer, 


Prof. W. A. Herdman, Prof. S. J. 
Hickson, G. Murray, W. L. Sclater, 


SECTION D (continued).—zZOOLOGY. 


Adam Sedgwick, F.R.S. ...., 


Prof. G. B. Howes, F.R.S. ... 
Prof. §. J. Hickson, F.R.S. ... 


William Bateson, F.R.S..... 


G. A. Boulenger, F.B.S. ...... 
J Oe ister Riss. .cescs cease 


Dr. W. E. Hoyle, M.A....... “or 
Dr, 8. F. Harmer, F.R.S......, 


Dr. A. E, Shipley, F.B.S. 


Prof, W. A. Herdman, F.R.S. 
Prof, E. B. Poulton, F.R.S. ... 
ProfahiC, Miall WIRAS. «v.60 
Prof. W. F. R. Weldon, F.R.S. 


Prof. J. Cossar Ewart, F.R.S. 


G. C. Bourne, H. Brown, W. E, 
Hoyle, W. L. Sclater. 

H. O. Forbes, W. Garstang, W. E, 
Hoyle. 

W. Garstang, W. E. Hoyle, Prof, 
E. E. Prince. 

Prof, R. Boyce, W. Garstang, Dr, 
A. J. Harrison, W. E. Hoyle. 


.|W. Garstang, J. Graham Kerr. 


W. Garstang, J. G. Kerr, T. H. 
Taylor, Swale Vincent. 

J. G. Kerr, J. Rankin, J. Y. Simpson. 

Prof, J. G. Kerr, R. Patterson, J. Y, 
Simpson. 

Dr. J. H. Ashworth, J. Barcroft, A. 
Quayle, Dr. J. Y. Simpson, Dr. 
H. W. M. Tims. 


.|Dr. J. H. Ashworth, L. Doncaster, 


Prof. J. Y. Simpson, Dr. H. W. M. 
Tims, 

Dr. Pakes, Dr. Purcell, Dr. H. W. M. 
Tims, Prof. J. Y. Simpson. 

Dr. J. H. Ashworth, L. Doncaster, 
Oxley Grabham, Dr. H.W. M. Tims. 

Dr. J. H. Ashworth, L. Doncaster, 
E. E. Lowe, Dr. H. W. M. Tims. 

Dr. J. H. Ashworth, L. Doncaster, 
Prof. A. Fraser, Dr. H. W. M. Tims 


.|C. A. Baragar, C. L. Boulenger, Dr, 


J. Pearson, Dr. H. W. M. Tims, 


1 Physiology was made a separate Section, see p. lxxxvi., 
* The title of Section D was changed to Zoology. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


1833. Cambridge | Dr. J. Haviland.................. Dr. H. J. H. Bond, Mr. G. E. Paget. 
1834, Edinburgh |Dr. Abercrombie ............... Dr. Roget, Dr. William Thomson. 
SECTION E (UNTIL 1847).—ANATOMY AND MEDICINE. 

1835. Dublin...... DrJnGreriicnard /2-22..2.c.c0 Dr. Harrison, Dr. Hart. 

1836. Bristol ...... Dr. P. M. Roget, F.R.S. ......| Dr. Symonds. 

1837. Liverpool...| Prof. W. Clark, M.D, ......... Dr. J. Carson, jun., James Long, 

Dr. J. R. W. Vose. 

1838. Newcastle |T. E. Headlam, M.D. ......... T. M. Greenhow, Dr. J. R. W. Vose. 

1839. Birmingham|John Yelloly, M.D., F.R.S....| Dr. G. O. Rees, F. Ryland. 

1840. Glasgow ...)James Watson, M.D. ......... Dr.J. Brown, Prof, Couper, Prof. Reid. 

SECTION E.—PHYSIOLOGY. 

1841. Plymouth...|P. M. Roget, M.D., Sec. R.S. |J. Butter, J. Fuge, Dr. R. S. Sargent. 

1842. Manchester Edward Holme, M.D., F.L.S8.| Dr. Chaytor, Dr. R. 8. Sargent. 

1843. Cork ......+0. Sir James Pitcairn, M.D. ...|Dr. John Popham, Dr. R. 8S. Sargent. 

1844. York......... | Je, Pritchard, MiD. (S20... I. Erichsen, Dr. R. 8. Sargent. 

1845. Cambridge | Prof. J. Haviland, M.D. ...... Dr. R. 8. Sargent, Dr. Webster. 

1846. Southamp- | Prof. Owen, M.D., F.R.S. ...|C. P. Keele, Dr. Laycock, Dr. Sar- 
ton. gent. 

1847. Oxford! ...|Prof. Ogle, M.D., B.R.S. ......T. K. Chambers, W. P. Ormerod, 

PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 

1850. Edinburgh | Prof. Bennett, M.D., F.R.S.E. 

1855. Glasgow ...|Prof. Allen Thomson, F.R.S. | Prof. J. H. Corbett, Dr. J. Struthers, 

1857. Dublin...... Prof. R. Harrison, M.D. ...... Dr. R. D. Lyons, Prof. Redfern. 

1858. Leeds ......|Sir B. Brodie, Bart., F.R.S. |C. G. Wheelhouse. 

1859. Aberdeen...|Prof. Sharpey, M.D., Sec.R.S.| Prof. Bennett, Prof. Redfern. 

1860. Oxford...... Prof.G.Roleston,M.D.,F.L.S. | Dr. R. M‘Donnell, Dr. Edward Smith. 

1861. Manchester | Dr. John Davy, F.RB.S8..........| Dr. W. Roberts, Dr. Edward Smith. 

1862. Cambridge |G. E. Paget, M.D................ G. F. Helm, Dr. Edward Smith. 

1863. Newcastle | Prof. Rolleston, M.D., F.R.S.;|Dr. D. Embleton, Dr. W. Turner. 

1864. Bath......... Dr. Edward Smith, F.R.S. J. 8, Bartrum, Dr. W. Turner. 

1865. Birming- Prof. Acland, M.D., LL.D.,/Dr. A. Fleming, Dr. P. Heslop, 
ham.” F.R.S, Oliver Pembleton, Dr. W. Turner. 


Presidents 


Secretaries 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 


COMMITTEE OF SCIENCES, V.—ANATOMY AND PHYSIOLOGY. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 


[For Presidents and Secretaries for Geography previous to 1851, see Section C, 
p. lxxi.] 


ETHNOLOGICAL SUBSECTIONS OF SECTION D. 


1846.Southampton|Dr. J. C, Pritchard ............ Dr. King. 
1847. Oxford ...... Prof. H. H. Wilson, M.A. ...|Prof. Buckley. 
USESSS WADSES y cca] ocnceteemeaeeeaeeeeces aelueaeaecer sane G. Grant Francis. 


1849. Birmingham 
1850. Edinburgh 


Ree eee meee meee ee eee eee eee eeeeeee 


Dr. R. G. Latham. 


Vice-Admiral Sir A. Malcolm! Daniel Wilson. 


1 Sections D and E were incorporated under the title of ‘Section D—Zoology 
and Botany, including Physiology’ (see p. Ixxiv). Section H, being then vacant, 
was assigned in 1851 to Geography, 

2 Vide note on page lxxiv. 
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Date and Place 


Presidents 


Secretaries 


1851, Ipswich 
1852. Belfast...... 
1853. Hull......... 
1854, Liverpool... 
1855. Glasgow ... 
1856. Cheltenham 


1857. Dublin 


1858. Leeds ...... 
1859. 
1860. Oxford...... 
1861. Manchester 
1862. Cambridge 
1863. 


1864. 


Newcastle 


1865. Birming- 


ham. 
1866. Nottingham 
1867. Dundee 


1868, Norwich ... 


1869. Exeter 


1870. Liverpool... 
1871. Edinburgh 
~ 1872. Brighton ... 
"1873, Bradford ... 
1874, Belfast 


1875. Bristol 


_ 1876. Glasgow ... 


_ 1877. Plymouth... 


.|Sir R. I. Murchison, F.R.S., 


.|Sir Samuel Baker, F.R.G.S. 


SECTION E.—GEOGRAPHY AND ETHNOLOGY. 


Pres. R.G.S. 
Col. Chesney, R.A., D.C.L., 
F.R.S. 
R. G. Latham, M.D., F.R.S. 


Sir R. I. Murchison, D.C.L., 
F.R.S. 

Sir J. Richardson, 
F.R.S. 

Col. Sir H. C. Rawlinson, 
K.C.B. 

Rev. Dr. J. Henthorn Todd, 
Pres.R.L.A. 

Sir R. I. Murchison, G.C.St.S., 
F.R.S. 

Rear - Admiral Sir James 
Clerk Ross, D.C.L., F.R.S. 

Sir R. I. Murchison, D.C.L., 
F.R.S. 

John Crawfurd, F.R.S.......... 


M.D., 


Francis Galton, F.R.S.......... 


Sir R. I. Murchison, K.C.B., 
F.R.S. 

Sir R. I. Murchison, K.C.B.,) 
F.R.S. 

Major-General Sir H. Raw- 
linson, M.P., K.C.B., F.R.S. 

Sir Charles Nicholson, Bart., 
LL.D. 


R. Cull, Rev. J. W. Donaldson, Dr. 
Norton Shaw. 

R. Cull, E. MacAdam, Dr. Norton 
Shaw. 

R. Cull, Rev. H. W. Kemp, Dr. 
Norton Shaw. 

Richard Cull, Rev. H. Higgins, Dr. 
Ihne, Dr. Norton Shaw. 

Dr. W. G. Blackie, R. Cull, Dr. 
Norton Shaw. 

R. Cull, F. D. Hartland, W. H. 
Rumsey, Dr. Norton Shaw. 

R. Cull, 8. Ferguson. Dr. R. R. 
Madden, Dr. Norton Shaw. 

R. Cull, F. Galton, P. O’Callaghan, 
Dr. Norton Shaw, T. Wright. 

Richard Cull, Prof.Geddes, Dr. Nor- 
ton Shaw. 

Capt. Burrows, Dr. J. Hunt, Dr. C. 
Lempriére, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Nor- 
ton Shaw, W. Spottiswoode. 

J.W.Clarke, Rev. J.Glover, Dr. Hunt 
Dr. Norton Shaw, T. Wright. 

C. Carter Blake, Hume Greenfield, 
C. R. Markham, R. $. Watson. 

H. W. Bates, C. R. Markham, Capt. 
R. M. Murchison, T. Wright. 

H. W. Bates, 8. Evans, G. Jabet, 
C. R. Markham, Thomas Wright. 

H. W. Bates, Rev. E. T. Cusins, R. 
H. Major, Clements R. Markham, 
D. W. Nash, T. Wright. 

H. W. Bates, Cyril Graham, C. R. 

Markhan, 8S. J. Mackie, R. Sturrock. 
T. Baines, H. W. Bates, Clements R. 


Capt. G. H. Richards, R.N., 
F.R.S, 


Markham, T. Wright. 


SECTION E (continued).—QEOGRAPHY. 


Sir Bartle Frere, 
LL.D., F.R.G.S. 
Sir R. I. Murchison, Bt.,K.C.B., 

LL.D., D.C.L., F.R.8., F.G.S. 
Colonel Yule, C.B., F.R.G.S. 


K.C.B., 


Francis Galton, F.R.S.......... 
Sir Rutherford Alcock, K.C.B. 


Major Wilson, R.E., F.R.S., 
F.R.G.S. 

Lieut. - General Strachey, 
R.E.,C.S.1., F.R.S., F.R.G.S. 

Capt. Evans, C.B., F.R.S....... 


H. W. Bates, Clements R. Markham, 
J. H. Thomas, 

H.W.Bates, David Buxton, Albert J. 
Mott, Clements R. Markham. 

A. Buchan, A. Keith Johnston, Cle- 
ments R. Markham, J. H. Thomas. 

H. W. Bates, A. Keith Johnston, 
Rev. J. Newton, J. H. Thomas. 

H. W. Bates, A. Keith Johnston, 
Clements R. Markham. 

E.G. Ravenstein, E. C. Rye, J. H. 
Thomas. 

H. W. Bates, EH. C. Rye, F. F. 
Tuckett. 

H. W. Bates, E. C. Rye, R. O. Wood. 


Adm. Sir KE. Ommanney, C.B. 


H. W. Bates, F. E. Fox, K. C. Rye. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


Presidents le Secretaries 


1878. 
1879. 
1880. 
1881. 

1882. 
1883. 
1884, 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896, 
1897, 
1898. 
1899. 
1900. 
1901. 
1902. 
1903. 


1904, 
1905, 


1906. 


Dublitic...c. 
Sheffield re 


Swansea ... 


Southamp- 
ton. 
Southport... 


Montreal ... 


Aberdeen...|Gen. J. T. Walker, C.B., R.E., J. 8. Keltie, J. 8. O'Halloran, H. G. 
LL.D., F.R.S. | Ravenstein, Rev. G. A. Smith. 
Birming- Maj. -Gen. Sir. F. J. Goldsmid, F. T. §. Houghton, J. S. Keltie, 
ham. K.C.8.L., C.B., F.R.G.S. E. G. Ravenstein. 
Manchester|Col. Sir C. Warren, R.E.,| Rev. L. C. Casartelli, J. 8. Keltie, 
G.C.M.G., F.R.S., F.B.G.S. | H.J. Mackinder, E. G. Ravenstein. 
aU scvcsceas Col. Sir C. W. Wilson, R.E., J. 8. Keltie, H. J. Mackinder, E. G. 
K.C.B., F.R.S., F.R.G.S. Ravenstein. 
Neweastle- |Col. Sir F. de Winton,|J. S. Keltie, H. J. Mackinder, R. 
upon-Tyne| K.C.M.G.,C.B., F.R.G.S. | Sulivan, A. Silva White. 
Leeds ...... Lieut.-Col. Sir R. Lambert A. Barker, John Coles, J. S. Keltie, 
Playfair, K.C.M.G.,F.R.G.S.| A. Silva White. 
Cardiff ...... E. G. Ravenstein, F.R.G.S., John Coles, J. 8. Keltie, H. J. Mac- 
FE.S.S. | kinder, A. Silva White, Dr. Yeats. 
Edinburgh | Prof, J. Geikie, D.C.L., F.R.S., J. G. Bartholomew, John Coles, J. S. 
V.P.R.Scot.G.8. Keltie, A. Silva White. 
Nottingham | H. Seebohm, Sec. B.8., F.L.S., Col. F. Bailey, John Coles, H. O. 
¥.Z.8. | Forbes, Dr. H. R. Mill. 
Oxtordieeese Capt. W. J. L. Wharton, R.N., John Coles, W. 8. Dalgleish, H. N. 
F.R.S. Dickson, Dr. H. R. Mill. 
Ipswich ...|H. J. Mackinder, M.A., John Coles, H. N. Dickson, Dr. H. 
F.R.G.S. | RR. Mill, W. A. Taylor. 
Liverpool... | Major L. Darwin, Sec. R.G.S. Col. F. Bailey, H. N. Dickson, Dr. 
| H.R. Mill, E. C. DuB. Phillips. 
Toronto .../J. Scott Keltie, LL.D.......... \Col. F. Bailey, Capt. Deville, Dr. 
H. R. Mill, J. B. Tyrrell. 
Bristol ...... Col. G. Earl Church, F.R.G.S. H. N. Dickson, Dr. H. R. Mill, H. C. 
| Trapnell. 
Dover ...... Sir John Murray, F.R.S. .......H. N. Dickson, Dr. H. O. Forbes, 
Drs Re Mall: 
Bradford ...|Sir George §. Robertson,|H. N. Dickson, E. Heawocd, E. R. 
K.C.8.1. | Wethey. 
Glasgow ...|Dr. H. R. Mill, F.R.G.S. ......,H. N. Dickson, E. Heawood, G. 
| Sandeman, A. C. Turner. 
Belfast...... Sir T. H. Holdich, K.C.B. ...|G. G@. Chisholm, E. Heawood, Dr. 
| A.J. Herbertson, Dr. J. A. Lindsay. 
Southport... | Capt. E. W. Creak, R.N., C.B.,|E. Heawood, Dr. A. J. Herbertson, 
E.RS. HE. A. Reeves, Capt. J. C. Under- 
; wood. 
Cambridge | Douglas W. Freshfield..,......|H. Heawood, Dr. A. J. Herbertson, 
H. Y. Oldham, HE. A. Reeves. 
SouthAfrica|Adm. Sir W. J. L. Whatton,|A. H. Cornish-Bowden, F. Flowers, 
R.N., K.C.B., F.B.9, Dr. A. J. Herbertson, H. Y. Old- 
ham. 
York........./ Rt. Hon. Sir George Goldie,|E, Heawood, Dr. A. J. Herbertson, 


.|Clements R. Markham, C.B., 


Prof. Sir C. Wyville Thom-| 
son, LL.D.,F.R.S., F.R.S.E. | 


John Coles, E. C. Rye. 


H. W. Bates, C. E. D. Black, E. C. 
Rye. 
H. W. Bates, E. C. Rye. 


F.R.S., Sec. R.G.S. 

Lieut.-Gen. Sir J. H. Lefroy, | 
C.B., K.C.M.G., R.A., F.R.S. | 

Sir J. D. Hooker, K.C.S.1., J. W. Barry, H. W. Bates. 
C.B., F.B.S. 

Sir R. Temple, Bart., G.C.S.1., 
F.R.G.S. 

Lieut.-Col. H. H. ‘Godwin-| 
Austen, F.R.S. 

Gen. Sir J. H. Lefroy, C.B., 
K.C.M.G., F.R.S.,V.P.R.G.S. 


E. G. Ravenstein, E. C. Rye. 


John Coles, E. G. Ravenstein, E. C. 
Rye. 

| Rev.Abbé Laflamme, J.S. O’Halloran, 

E. G. Ravenstein, J. F. Torrance. 


K.C.M.G., F.RS. E. A, Reeves, G. Yeld. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place | 


Presidents 


1907. Leicester .. 
1908. Dublin 


aeeees 


1909. Winnipeg... 


1833. Cambridge 
1834, Edinburgh 


1835. Dublin 
1836. Bristol 


1837, Liverpool... 


1838. Newcastle 
1839, Birming- 


am. 
1840. Glasgow ... 
1841. Plymouth... 
1842. Manchester 


1843. Cork......... 
1844. York......... 


1846. Cambridge 
1846. Southamp- 
ton. 
1847. Oxford...... 
1848. Swansea ... 
1849. Birming- 
ham. 
1850. Edinburgh 


1851. Ipswich ... 
1852. Belfast 


1853. Hull......... 
1854, Liverpool... 


1855. Glasgow ... 


C ‘George 


.| Rt, Hon. Lord Sandon 


G. Chisholm, M.A. ...! 
were E. H. Hills, C.M.G., 
R.E. 


Col Sir D. Johnston,K.C.M.G., 
C. ; 


Ixxxi 


Secretaries 


E. Heawood; O: J. R. Howarth, 
E. A. Reeves, T. Walker. 

W.F. Bailey, W. J. Barton, O. J. RB. 
Howarth, E. A. Reeves. 

|G. G. Chisholm, J. McFarlane, A. 
McIntyre. 


STATISTICAL SCIENCE. 
COMMITTEE OF SCIENCES, VI.—STATISTICS. 


Prof. Babbage, F.R.S. ......... 
Sir Charles Lemon, Bart....... 


J. E. Drinkwater. 
Dr. Cleland, C. Hope Maclean. 


SECTION F.—STATISTICS, 


Charles Babbage, F.R.S. . 
Sir Chas, Lemon, Bart., F. R. Ss. 


Colonel Sykes, F.R.S. ........ 
Henry Hallam, F.R.S......... 


Lord Sandon, M.P., F.R.S. 
Lieut.-Col. Sykes, F.R.S....... 
G. W. Wood, M.P., F.L.S. .. 


Sir C. Lemon, Bart., M.P. ... 

Lieut.- Col. Sykes, F.R.S., 
F.L.S. 

Rt. Hon. the Earl Fitzwilliam 

Ge Porter ERIS. occ..ccseces 


Travers Twiss, D.C.L., F.R.S. 


J. H. Vivian, M.P., F.R.S. ... 
Rt. Hon. Lord Lyttelton...... 
Very Rev. Dr. 
V.P.R.S.E. 
Sir John P. Boileau, Bart. ... 
His Grace the Archbishop of 
Dublin. 
James Heywood, M.P., F.R.S. 
Thomas Tooke, F.R.S. . 


John Lee, 


R. Monckton Milnes, M.P. ... 


. |W. Greg, Prof. Longfield. 

Rev. J. HE Bromby, C. B. Fripp, 
James Heywood. 

W. R. Greg, W. Langton, Dr, W. C. 
Tayler. 


.| W. Cargill, J. Heywood, W.R. Wood. 
.|F, Clarke, R. W. Rawson, Dr. W. C. 


Tayler. 

C. R. Baird, Prof. Ramsay, R. W. 
Rawson. 

Rev. Dr. Byrth, Rev. R. Luney, R. 
W. Rawson. 

-|Rev. R. Luney, G. W. Ormerod, Dr. 
W. Cooke Tayler. 

| Dr. D. Bullen, Dr. W. Cooke Tayler. 

|J. Fletcher, J. Heywood, Dr. Lay- 
cock. 
J. Fletcher, Dr. W. Cooke Tayler. 
J. Fletcher, F. G. P. Neison, Dr, W. 
C. Tayler, Rev. T. L. Shapcott. 
Rev. W. H. Cox, J. J. Danson, F, G. 
P. Neison. 

J. Fletcher, Capt. R. Shortrede. 

Dr. Finch, Prof. Hancock, F. P. G. 
Neison. 

Prof. Hancock, J. Fletcher, Dr. J. 
Stark. 

J. Fletcher, Prof. Hancock. 

Prof. Hancock, Prof. Ingram, James 
MacAdam, jun. 

Edward Cheshire, W. Newmarch. 

.| E. Cheshire, J. T. Danson, Dr. W. H. 
Duncan, W. Newmarch. 

J. A. Campbell, E. Cheshire, W. New- 
march, Prof. R. H. Walsh, 


SECTION F (continwed).—ECONOMIC SCIENCE AND STATISTICS. 


1856, Cheltenham 


Rt. Hon. Lord Stanley, M.P. 


Rev. C. H. Bromby, E. Cheshire, Dr. 
W. N. Hancock, W. Newmarch, W. 
M. Tartt. 


1857. Dublin......|His Grace the Archbishop of| Prof. Cairns, Dr. H. D. Tlutton, W. 
Dublin, M.R.1.A. Newmarch. 
1858. Leeds .......| Edward Baines ........se0000+.5:|T. B. Baines, Prof. Cairns, 8. Brown, 


1909. 


Capt. Fishbourne, Dr, J. Strang, 
e 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


Presidents 


Secretaries 


1859. 
1860. 
1861. 


1862. 
1863. 


1864. 
1865. 


1866. 
1867. 


1868, 
1869, 


1870. 
1871. 
1872 

1873. 
1874, 
1875. 
1876. 
1877. 
1878. 
1879. 


1880. 
1881. 


1882. 
1883. 
1884. 
1885. 
1886. 
1887. 


1888. 
1889. 
1890. 


1891. 


Aberdeen... 
Oxford 


aeeeee 


Manchester | 


Cambridge | 
Newcastle 


Birming- 
ham. 
Nottingham | 
Dundee ..... 
Norwich.... 
Exeter...... 


Liverpool... 


Edinburgh | 
Brighton ... 
Bradford ... 
Belfast 


aeeeee 


Bristol 
Glasgow 


Plymouth... 
Dublin...... 
Sheffield ... 


Swansea ... 


Southamp- 
ton. | 
Southport 


Montreal ... | 
Aberdeen... 


Birming- 
ham. 
Manchester 


Newcastle- 
upon-Tyne 
Leeds 


| William Tite, M.P., F.B.8.... 


... | Sir George Campbell, K.C.S.L, 


|R. H. Inglis Palgrave, F.R.S. 


Col. Sykes, M.P., F.RS. ree 
Nassau W. Senior, M.A. ...... 
William Newmarch, F.R.S.... 
Edwin Chadwick, C.B. ........ 


W. Farr, M.D., D.C.L., F.R.S. 

Rt. Hon. Lord Stanley, LL.D., 
M.P. 

Prof. J. E. T. Rogers 


M. E. Grant-Duff, M.P. ....... 


Samuel Brown .........ssecceee- 

Rt.Hon. Sir Stafford H. North- 
cote, Bart., C.B., M.P. 

Prof. W. Stanley Jevons, M.A.) 


Rt. Hon. Lord Neaves. ......... 

Prof. Henry Fawcett, M.P.... 

Rt. Hon. W. E. Forster, M.P. 

Thorgd! OMAN ec sccederses ees 

James Heywood, M.A.,F.R.S., 
Pres. 5.58. 


M.P. 
Rt. Hon. the Earl Fortescue 
Prof. J. K. Ingram, LL.D.... 
G. Shaw Lefevre, M.P., Pres. 
8.8. 
G2 Weellastinios,, MAP. vssceons 
Rt. Hon. M. E. Grant-Duff, 
M.A., F.R.S. 
Rt. Hon. G. Sclater-Booth, 
M.P., F.B.S. 


Sir Richard Temple, Bart., 
G.C.S.1., C.LE., F.R.G.S. 
Prof. H. Sidgwick, LL.D., 

Litt.D. 
J. B. Martin, M.A., F.S.S. ... 


Robert Giffen, LL.D.,V.P.5.8. 


Rt. Hon. Lord Bramwell, 
LL.D., F.R.S. 

Prof. F. Y. Edgeworth, M.A., 
F.S.8, 

Prof, A. Marshall, M.A.,F.S.S. 


.|Prof. W. Cunningham, D.D., 


D.Sc., F.8.5. 


Prof. Cairns, Edmund Macrory, A. M. 
Smith, Dr. John Strang. 

Edmund Macrory, W. Newmarch, 
Prof. J. E. T. Rogers. 

David Chadwick, Prof. R. C. Christie, 
E. Macrory, Prof. J. E. T. Rogers. 

H. D. Macleod, Edmund Macrory. 

T. Doubleday, Edmund Macrory, 
Frederick Purdy, James Potts. 

E. Macrory, EH. T. Payne, F. Purdy. 

G. J. D. Goodman, G. J. Johnston, 
E. Macrory. 

R. Birkin, jun., Prof. Leone Levi, E. 
Macrory. 

Prof. Leone Levi, E. Macrory, A. J. 
Warden. 

Rev. W.C. Davie, Prof. Leone Levi. 

EK. Macrory, F. Purdy, C. T. D. 
Acland. 

Chas. R. Dudley Baxter, E. Macrory, 
J. Miles Moss, 

J. G. Fitch, James Meikle. 

J. G. Fitch, Barclay Phillips. 

J. G. Fitch, Swire Smith. 

Prof. Donnell, F. P. Fellows, Hans 
MacMordie. 

F. P. Fellows, T. G. P. Hallett, KE. 
Macrory. 

A. M‘Neel Caird, T.G. P. Hallett, Dr. 
W. Neilson Hancock, Dr. W. Jack. 

W. F. Collier, P. Hallett, J. T. Pim. 

W. J. Hancock, C. Molloy, J. T. Pim. 

Prof. Adamson, R. E. Leader, C. 
Molloy. 

N. A. Humphreys, C. Molloy. 

C. Molloy, W. W. Morrell, J. F. 
Moss. 


iG. Baden- Powell, Prof. H. 8. Fox- 


well, A. Milnes, C. Molloy. 

Rev. W. Cunningham, Prof. H. S. 
Foxwell, J. N. Keynes, C. Molloy. 

Prof. H. S. Foxwell, J.S. McLennan, 
Prof. J. Watson. 

Rev. W. Cunningham, Prof. H. §. 
Foxwell, C. McCombie, J. F. Moss. 

F. F. Barham, Rev. W. Cunninghar, 
Prof. H. 8. Foxwell, J. F. Moss. 

Rey. W. Cunningham, F. Y. Edge- 
worth, T. H. Elliott, C. Hughes, 
J. E. C. Munro, G. H. Sargant. 

Prof. F. Y. Edgeworth, T. H. Elliott, 
H. 8S. Foxwell, L. L. F. R. Price. 

Rev. Dr. Cunningham, T. H. Elliott, 
F. B. Jevons, L. L. F. R. Price. 

W. A. Brigg, Rev. Dr. Cunningham, 
T. H. Elliott, Prof. J. E. C. Munro, 
L. L. F. R. Price. 

Prof. J. Brough, E. Cannan, Prof. 
E. C. K. Gonner, H. Ll. Smith, 
Prof. W. R. Sorley. 
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. Bristol 
. Liverpool... 
. Newcastle 
. Birming- 


. Glasgow .... 


. Plymouth... 
. Manchester 


. Cambridge 
. Southamp- 


. Oxford 


Date and Place Presidents Secretaries 
1892, Edinburgh |Hon. Sir C. W. Fremantle,| Prof. J. Brough, J. R. Findlay, Prof. 
K.C.B. E. C. K. Gonner, H. Higgs, 
L. L. F. R. Price. 
1893. Nottingham | Prof. J. 8. Nicholson, D.Sc.,|/ Prof. E. C. K. Gonner, H. de B. 
F.S.5. Gibbins, J. A. H. Green, H. Higgs, 
L. L. F. R. Price. 
1894. Oxford...... Prof. C. F. Bastable, M.A.,,E. Cannan, Prof. E. C. K. Gonner, 
B.S.8. W. A. S. Hewins, H. Higgs. 
1895. Ipswich ...|L. L. Price, M.A. ....se...seeeee EH. Cannan, Prof. E. C. K. Gonner, 
| H. Higgs. 
1896. Liverpool...|Rt. Hon. L. Courtney, M.P....,E. Cannan, Prof, E. C. K. Gonner, 
; W. A. 8S. Hewins, H. Higgs. 
1897. Toronto ...| Prof. E. C. K. Gonner, M.A. |E. Cannan, H. Higgs, Prof. A. Shortt. 
1898. Bristol ..... J. Bonar, M.A., LL.D..........| KE. Cannan, Prof. A. W. Flux, H. 
Higgs, W. E. Tanner. 
1899.. Dover ...... He Hig os UB: jcissescssecee |A. L. Bowley, E. Cannan, Prof. A. 
: | W. Flux, Rev. G. Sarson. 
1900, Bradford ...| Major P. G. Craigie, V.P.S.S..A. L. Bowley, E. Cannan, S. J. 
| Chapman, F. Hooper. 
1901. Glasgow ...|Sir R. Giffen, K.C.B., F.R.S. W. W.-Blackie, A. L. Bowley, E. 
| Cannan, 8. J. Chapman. 
1902. Belfast ...|H. Cannan, M.A., LL.D. ...... ‘A. L. Bowley, Prof. S. J. Chapman, 
| Dr. A. Dutin 
1903. Southport | E. W. Brabrook, C.B. ......... \A. L. Bowley, Prof. S. J. Chapman, 
| Dr. B. W. Ginsburg, G. Lloyd. 
1904, Cambridge | Prof. Wm. Smart, LL.D. ...... J. E. Bidwell, A. L. Bowley, Prof. 
|_ 8. J. Chapman, Dr. B. W. Ginsburg. 
1905. SouthAfrica| Rev. W. Cunningham, D.D.,|R. 4 Ababrelton, A. L. Bowley, Prof. 
D.Se. H. 1.8. Fremantle, H. O. Meredith. 
1906. York......... AS baBowley; M.A’ .scs0.c00:00 Prof. S. J. Chapman, D. H. Mac- 
| gregor, H. O. Meredith, B. S. 
- | Rowntree. 
1907. Leicester ...| Prof. W. J. Ashley, M.A....... Prof. 8.J.Chapman, D. H. Macgregor, 
| H. O. Meredith, T. S. Taylor. 
1908. Dublin...... W. M. Acworth, M.A, ......... |W. G. §. Adams, Prof. S. J. Chap- 
man, Prof. D. H. Macgregor, H.0O. 
Meredith. 
Sub-section of Agriculture—| A. D. Hall, Prof. J. Percival, J. H. 
Rt. Hon. Sir H. Plunkett. Priestley, Prof. J. Wilson. 
1909. Winnipeg...| Prof. S. J. Chapman, M.A. ...|Prof. A. B. Clark, Dr. W. A. Mana- 


han, Dr. W. R. Scott. 


SECTION G.—MECHANICAL SCIENCE. 


ham. 


ton. 


Davies Gilbert, D.C.L., F.R.S. 

Rev. Dr. Robinson ............ 

Charles Babbage, F.R.S....... 

Prof. Willis, F.R.S., and Robt. 
Stephenson. 

Sir John Robinson ...... Neaugsen 


John Taylor, F.R.S. ...........- 
Rev. Prof. Willis, F.R.S. ...... 


.|Prof. J. Macneill, M.R.I.A.... 


John Taylor, F.R.S. ............ 
George Rennie, F.R.S.......... 
Rev. Prof. Willis, M.A., F.R.S. 


Rey. Prof. Walker, M.A.,F.R.S. 


T. G. Bunt, G. T. Clark, W. West. 

Charles Vignoles, Thomas Webster. 

Rh. Hawthorn, C.Vignoles, T.Webster. 

|W. Carpmael, William Hawkes, T. 

| Webster. 

|J. Scott Russell, J. Thomson, J. Tod 
C. Vignoles. 

Henry Chatfield, Thomas Webster. 

J. F. Bateman, J. Scott Russell, J. 
Thomson, Charles Vignoles. 

| James Thomson, Robert Mallet. 

|Charles Vignoles, Thomas Webster. 

Rev. W. T. Kingsley. 

William Betts, jun., Charles Manby. 


> 


J. Glynn, R. A. Le Mesurier. 
e2 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place | 


Presidents 


1848, Swansea ... 


1849. 
1850. 
1851. 
1852. 


1853. 
1854. 


1855. 
1856. 
1857. 


1858. 
1859. 


1860. 


. Dundee 
. Norwich . 


9. Exeter 
. Liverpool... | 


. Edinburgh 
2. Brighton .. 


. Belfast 


. Bristol 


. Dublin 


Birmingham 
Edinburgh 

Ipswich 
Belfast 


Hull 
Liverpool... 


eeeeeeeee 


Glasgow ... 
Cheltenham 
Dublin...... 
Leeds 
Aberdeen... 


seeeee 


Oxford 


seeeee 


. Manchester 


2. Cambridge 
. Newcastle 


. Birming- 


ham. 


. Nottingham 


. Bradford ... 


seeeee 


. Plymouth... 


79. Sheffield ... 


. Swansea ... 


eeeeneees 


2, Southamp- 


ton. 


. Southport... 
. Montreal... 


|W. Froude, C.E., M.A., 


Rev. Prof.Walker, M.A.,F. 
Robt. Stephenson, M.P.,F. 
Rey. R. Robinson 
William Cubitt, F.R.S.......... 
John Walker, C.E., LL.D., 
E.RB.S. 
William Fairbairn, F.R.S. 
John Scott Russell, F.R.S. ... 


W. J. M. Rankine, F.R.S. . 

George Rennie, F.R.S. ...... 

Rt. Hon. the Earl of Rosse, 
F.R.S. 

William Fairbairn, F.R.S.... 

Rev. Prof. Willis, M.A., F.R.S. 


Prof.W.J. Macquorn Rankine, 
LL.D., F.R.S. 
J. F. Bateman, C.E., F.R.S.... 


William Fairbairn, F.R.S. ... 
Rev. Prof. Willis, M.A., F.R.S. 


|J. Hawkshaw, F.B.S. 


Sir W. G. Armstrong, Lili De 
F.R.S. 

Thomas Hawksley, V.P. Inst. 
C.E., F.G.S. 

Prof.W. J. Macquorn Rankine, 
LL.D., F.RB.S. 


.|G. P. Bidder, C.E., F.R.G.S. 


C. W. Siemens, F.R.S.. 
| Chas. B. Vignoles, C.E., F.R.S.| 


) Prof. Fleeming Jenkin, F.R.S. 
.|F. J. Bramwell, C.E. 


IW; Barlow,chRoo.eesuswees 


Prof. James Thomson, LL.D.., | 
C.E., F.R.S.E. 
F.R.S. | 


...|C. W. Merrifield, F.R.S. ...... 


Edward Woods, C.E. 


eee eweres 


Edward Easton, C.E. ......... 

J. Robinson, Pres. Inst. Mech. 
Eng. 

J. Abernethy, F.R.S.E.......... 

Sir W. G. Armstrong, C.B., 
LL.D., D.C.L., F.B.S. 

John Fowler, C.E., F.G.S. ... 


J. Brunlees, Pres.Inst.C.E. ... 
Sir F. J. Bramwell, F.R.S., 
V.P.Inst.C.E. 


Secretaries 


.|R. A. Le Mesurier, W. P. Struvé. 

.|Charles Manby, W. P. Marshall. 

Dr. Lees, David Stephenson. 

John Head, Charles Manby. 

John F. Bateman, C. B. Hancock, 
Charles Manby, James Thomson. 


...|J. Oldham, J. Thomson, W.S. Ward. 


J. Grantham, J. Oldham, J. Thom- 
son. 


..|L. Hill, W. Ramsay, J. Thomson. 
...|C. Atherton, B. Jones, H. M. Jeffery. 


Prof. Downing, W.T. Doyne, A. Tate, 
James Thomson, Henry Wright. 

J. C. Dennis, J. Dixon, H. Wright. 

R. Abernethy, P. Le Neve Foster, H. 
Wright. 

P. Le Neve Foster, Rev. F. Harrison, 
Henry Wright. 

P. Le Neve Foster, John Robinson, 
H. Wright. 

W. M. Fawcett, P. Le Neve Foster. 


|P. Le Neve Foster, P. Westmacott, 


J. F. Spencer 

.|P. Le Neve Foster, Robert Pitt, 

P. Le Neve Foster, Henry Lea, 
W. P. Marshall, Walter May. 

P. Le Neve Foster, J. F. Iselin, 
M. O. Tarbotton. 

P. Le Neve Foster, John P, Smith, 
W. W. Urquhart. 

P. Le Neve Foster, J. F. Iselin, 
C. Manby, W. Smith. 

.|P. Le Neve Foster, H. Bauerman. 

H. Bauerman, P. Le Neve Foster, 
T. King, J. N. Shoolbred. 
H. Bauerman, A. Leslie, J. P. Smith. 
H. M. Brunel, P. Le Neve Foster, 
J. G. Gamble, J. N. Shoolbred. 
C.Barlow,H.Bauerman.E.H.Carbutt, 
J. C. Hawkshaw, J. N. Shoolbred. 

A. T. Atchison, J. N. Shoolbred, John 
Smyth, jun. 

W. R. Browne, H. M. Brunel, J. G. 
Gamble, J. N. Shoolbred. 

W. Bottomley, jun., W. J. Millar, 
J. N. Shoolbred, J. P. Smith. 

A. T. Atchison, Dr. Merrifield, J. N. 
Shoolbred. 

A. T. Atchison, R. G. Symes, H. T. 
Wood. 

A. T. Atchison, Emerson Bainbridge, 
H. T. Wood. 

A. T. Atchison, H. T. Wood. 

A. T. Atchison, J. F. Stephenson, 
H. T. Wood. 

A. T. Atchison, F. Churton, H. T. 
Wood. 

A. T, Atchison, E. Rigg, H. T. Wood. 

A. T. Atchison, W. B. Dawson, J, 


Kennedy, H. T. Wood. 


———— 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Ixxxv 


Date and Place 


Aberdeen... 


1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893, 
1894. 
1895. 
1896. 
1897. 
1898. 
1899, 
1900. 


1901. 
1902. 
1903. 
1904. 
1905. 


1906. 
1907. 


1908. 
1909, 


1884. 
1885. 


1886. 
1887, 


Birming- 
ham. 
Manchester 


Newcastle- 
upon-Tyne. 
Leeds 


Cardiff ...... 
Edinburgh 

Nottingham 
Oxford...... 
Ipswich 
Liverpool... 


Toronto ... 


Bristol 


Bradford ! 


Glasgow ... 
Belfast 
Seuthport 
Cambridge 


SouthAfrica 


Leicester ... 
Dublin ...... 


Winnipeg... 


...|Prof. L. F. Vernon-Harcourt, 


“Prof. d.ePerry, HRS, ccsssesse 
.|Prof. W. E. Dalby, W. 'T. Maccall, 


Montreal... 
Aberdeen... 


Birming- 
ham, 
Manchester 


Presidents 


B. Baker, M.Inst.C.E. ......... 
Sir J. N. Douglass, M.Inst. 
C.E 


Prof. Osborne Reynolds, M.A., | 
LL.D., F.R.S. 

. HH. Preece, 
M.Inst.C.F. 
W. Anderson, M.Inst.C.E. ... 


WwW F.R.S., 


Capt. A. Noble, C.B., F.R.S., 
F.R.A.S. 
T. Forster Brown, M.Inst.C.E. | 


Prof. W. C. Unwin, F.R.S., 
M.Inst.C.E. 

Jeremiah Head, M.Inst.C.E., 
F.C.S. 


Secretaries 


‘A. T. Atchison, F. G. Ogilvie, E. 
Rigg, J. N. Shoolbred. 


oD? 


iC. W. Cooke, J. Kenward, W. B. 


Marshall, E. Rigg. 

C. F. Budenberg, W. B. Marshall, 
E. Rigg. 

C. W. Cooke, W. B. Marshall, E. 
Rigg, P. K. Stothert. 

C. W. Cooke, W. B. Marshall, Hon. 
C. A. Parsons, E. Rigg. 

E. K. Clark, C. W. Cooke, W. B. 
Marshall, E. Rigg. 

C. W. Cooke, Prof. A. C. Elliott, 
W. B. Marshall, E. Rigg. 

CG. W. Cooke, W. B. Marshall, W. C. 
Popplewell, E. Rigg. 

C. W. Cooke, W. b. 
Rigg, H. Talbot. 


Marshall, E. 


Prof. A. B. W. Kennedy, 
F.R.S., M.Inst.C.E. 


M.A., M.Inst.C.E. 
Sir Douglas Fox, V.P.Inst.C.E. 


G. F. Deacon, M.Inst.C.E. ... 


Sir J. Wolfe-Barry, K.C.B., 
E.R. | 

Sir W. White, K.C.B., F.R.S. 

Sir Alex. R. Binnie, M.Inst.| 
C.E. 


SECTION G.—ENGI 
R. E, Crompton, M.Inst.C.E. 


C. Hawksley, M.Inst.C.H. 
Hon. C. A. Parsons, F.R.S. ... 


Col. Sir C. Scott-Moncrieff, 
G.C.8.I., K.C.M.G., R.E. 

J. A. Ewing, F.R.S. ...........- 

Prof. Silvanus P. Thompson, 
F.R.S. 

Dugald Clerk, F.R.S. ......... 


Sire Weert 
F.R.S. 


White, K.C.B.,| 


Prof. T. Hudson Beare, C. W. Cooke, 
W. B. Marshall, Rev. F. J. Smith. 

Prof. T. Hudson Beare, C. W. Cooke. 
W. B. Marshall, P. G. M. Stoney, 

Prof. T. Hudson Beare, C. W. Cooke, 
S. Dunkerley, W. B. Marshall. 

Prof. T. Hudson Beare, Prof. Callen- 
dar, W. A. Price. 

Prof. T. H. Beare, Prof. J. Munro, 
H. W. Pearson, W. A. Price. 

Prof. T. H. Beare, W. A. Price, H. 
E. Stilgoe. 

Prof. T. H. Beare, C. F. Charnock, 
Prof. S. Dunkerley, W. A. Price. 


NEERING. 


H. Bamford, W.E. Dalby, W. A. Price. 
M. Barr, W. A. Price, J. Wylie. 


W.A. Price. 

J. B. Peace, W. T. Maccall, W. A 
Price. 

W. T. Maccall, W. B. Marshall, Prof. 
H. Payne, E. Williams. 

W. T. Maccall, W. A. Price, J. Triffit. 

Prof. E. G. Coker, A. C. Harris, 
W. A. Price, H. E. Wimperis. 

Prof. E. G. Coker, Dr. W. E. Lilly, 
W. A. Price, H. EK. Wimperis. 

KE. E. Brydone-Jack, Prof. E. G.Coker, 
Prof. E. W. Marchant, W. A. Price. 


SECTION H.—ANTHROPOLOGY. 


E. B. Tylor, D.C.L., F.R.S. ... 
Francis Galton, M.A., F.R.S. 


Sir G. Campbell, K.C.S.1L, 
M.P., D.C.L., F.B.G.S. 
Prof. A. H. Sayce, M.A. ...... 


G. W. Bloxam, W. Hurst. 

G. W. Bloxam, Dr. J. G. Garson, W. 
Hurst, Dr. A. Macgregor. 

G. W. Bloxam, Dr. J. G. Garson, W, 
Hurst, Dr. R, Saundby. 

G. W. Bloxam, Dr. J. G. Garson, Dr 


A. M. Paterson. 


1 The title of Section @ was changed to Engineering. 
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1888. 
1889. 
1890. 
1891. 
1892. 
1893. 


1894. 
1895. 
1896. 
1897, 


1898. 
1899. 


1900. 
1901. 
1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 


1909. 


1894. 


1896. 
1897. 


1899. 
1901. 


1902. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Secretaries 


G. W. Bloxam, Dr. J. G. Garson, 
J. Harris Stone. 

G. W. Bloxam, Dr. J. G. Garson, Dr. 
R. Morison, Dr. R. Howden. 

'G. W. Bloxam, Dr. C. M. Chadwick, 
Dr. J. G. Garson. 

G. W. Bloxam, Prof. R. Howden, H. 
Ling Roth, E. Seward. 

G. W. Bloxam, Dr. D. Hepburn, Prof. 
R. Howden, H. Ling Roth. 

|G. W. Bloxam, Rev. T. W. Davies, 
Prof. R. Howden, F. B. Jevons, 
J. L. Myres. 

H. Balfour, Dr. J. G.Garson, H. Ling 
Roth. 

J. L. Myres, Rev. J. J. Raven, H. 

| Ling Roth. 

Prof. A. C. Haddon, J. L. Myres, 
Prof. A. M. Paterson. 


.|A. EF. Chamberlain, H. O. Forbes, 


Prof. A. C. Haddon, J. L. Myres. 
H. Balfour, J. L. Myres, G. Parker. 


.|H. Balfour, W. H. East, Prof. A. C. 


Haddon, J. L. Myres. 

Rev. E. Armitage, H. Balfour, W. 
Crooke, J. L. Myres. 

W. Crooke, Prof. A. F. Dixon, J. F. 
Gemmill, J. L. Myres. 


.|R. Campbell, Prof. A. F. Dixon, 


J. L. Myres. 

E. N. Fallaize, H. 8. Kingsford, 
E. M. Littler, J. L. Myres. 

W. L. H. Duckworth, E. N. Fallaize, 
Hi. 8. Kingsford, J. L. Myres. 


..|A. R. Brown, A. von Dessauer, E. S. 


Hartland. 

Dr. G. A. Auden, E. N. Fallaize, H.8. 
Kingsford, Dr. F. C. Shrubsall. 
C. J. Billson, E. N. Fallaize, H. 8S. 
Kingsford, Dr. F. C. Shrubsall. 


.|E. N. Fallaize, H. S. Kingsford, Dr. 


F. C. Shrubsall, L. E. Steele. 
H. 8. Kingsford, Prof. C. J. Patten, 
Dr. F. C. Shrubsall. 


Prof. F. Gotch, Dr. J. 8. Haldane, 
M. 8. Pembrey. 

| Prof. R. Boyce, Prof. C.S. Sherrington. 

Prof. R. Boyce, Prof. C. 8, Sherring- 

| ton, Dr. L. E. Shore. 

Dr. Howden, Dr. L. E. Shore, Dr. E. 

H. Starling. 

. B. Brodie, W. A. Osborne, Prof. 

W. H. Thompson. 

J. Barcroft, Dr. W. A. Osborne, Dr. 


Date and Place Presidents 
Batihsataseve Lieut.-General Pitt-Rivers, 
D.C.L., F.R.S. 
Newcastle- | Prof. Sir W. Turner, M.B., 
upon-Tyne| LL.D., F.R.S. 
Leeds ...... Dr. J. Evans, Treas. B:S., 
E.S.A., F.L.S., F.G.S. 
GCarditicc... Prof. F. Max Miiller, M.A. ... 
Edinburgh |Prof. A, Macalister, M.A., 
M.D., F.R.S. 
Nottingham | Dr. R. Munro, M.A. F.R.8.E. 
Oxfordis ees Sir W. H. Flower, K.C.B.,| 
E.R.S. 
Ipswich ...|Prof. W. M. Flinders Petrie, 
D.C.L. | 
Liverpool...| Arthur J. Evans, F.S.A. ...... 
Toronto ...|Sir W. Turner, F.R.S. . 
Bristol...... Nie WBrabrook, GiB. ..aecses | 
Dover. cessed GC. Ha Reag vit-S-A0 teaecs 
Braéford ...| Prof. John Rhys, M.A.......... 
Glasgow ...|Prof. D. J. Cunningham, 
¥.R.S. ¢ 
Belfast . - Dr. A. C. Haddon, F.R.S. 
Southport...) Prof. J. Symington, F.R.S. ... 
Cambridge |H. Balfour, M.A. ...........0+6+ 
SouthAfrica| Dr. A. C. Haddon, F.B.S. 
York......... |B. Sidney Hartland, F.S.A.... 
Leicester ...|D. G. Hogarth, M.A............. 
Dublin...... Prof. W. Ridgeway, M.A. 
Winnipeg...|Prof. J. L. Myres, M.A. ...... 
SECTION I.—PHYSIOLOGY (including ExprrimentTaL 
PATHOLOGY AND EXPERIMENTAL PsycHoLocy). 
Oxford... ‘Prof. E. A, Schiifer, F.R.S., 
MRCS. 
Liverpool ... Dr. W. H. Gaskell, F.R.S. ... 
Toronto ... Prof. Michael Foster, F.R.S. 
DOVET-... s+ J. N. Langley, F.R.S. ......... 
Glasgow ... Prof.J.G.McKendrick, F.R.S.| W 
Belfast ...|Prof. W. D. Halliburton, 
| FR.S. 


C. Shaw. 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Ixxxvli 


Date and Place 


Presidents 


| 
Secretaries 
| 


1904. 
1905. 


1906. 
1907. 
1908. 
1909. 


1895. 
1896. 


1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1908. 


1904. 


1905. 
1906. 
1907. 
1908. 
1909. 


1901. 


1902. 


1903. 

904. 
1905. 
1906. 


Cambridge 
SouthAfrica 


Leicester .. 


Dublin 


Winnipeg... 


Ipswich 
Liverpool... 


Toronto . 


Bristol 
Dover 

Bradford ... 
Glasgow ... 


Belfast 
Southport 
Cambridge 


SouthAfrica 


Leicester... 
Dublin 


Winnipeg... 


Prof. C. 8. Sherrington, F.R.S. 
Col. D. Bruce, C.B., F.R.S. ... 


Prot. . Gotch, HRS. scccscexs 


.|Dr. A. D. Waller, F.R.S. ...... 


Dr. J. Scott Haldane, F.R.S. 


Prof. E. H. Starling, F.R.S.... | 


SECTION K. 


Dr. D. H. Scott, F.R.S. 


eevee 


.|Prof. Marshall Ward, F.RB.S. 


Prof. F. O. Bower, F.R.S. 
Sir George King, F.R.S. ...... 
Prof. S. H. Vines, F.R.S....... 
Prof. I. B. Balfour, F.R.S. ... 


.| Prof. J. R. Green, F.R.S....... 


A. C. Seward, F.R.S. 


ee eeeeeee 


Francis Darwin, F.R.S. . 

Sub-section of Agriculture— 
Dr. W. Somerville. 

Harold Wager, F.R.S. ......... 


Prof. F. W. Oliver, F.R.S. ... 

Prof. J. B. Farmer, F.R.S. ... 

Dr. F. F. Blackman, F.RB.S.... 

Lieut.-Col. D. Prain, C.I.E., 
E.RB.S. 


Sub-section of Agricultwre— 
Major P. G. Craigie, C.B. 


|\J. Barcroft, Prof. T. G. Brodie, Dr. 
| L. E. Shore. 
|J. Barcroft, Dr. Baumann, Dr. Mac- 
kenzie, Dr. G. W. Robertson, Dr. 
Stanwell. 
\J. Bareroft, Dr. J. M. Hamill, Prof. 
J. 8. Macdonald, Dr. D. 8. Long. 
|Dr. N. H. Alcock, J. Barcroft, Prof. 
J.S. Macdonald, Dr. A. Warner. 
Prof. D J. Coffey, Dr. P. T. Herring, 
Prof.J.S. Macdonald, Dr.H.E.Roaf, 
Dr. N. H. Alcock, Prof. P. T. Herring, 
Dr. W. Webster. 


BOTANY. 
...|W. T. Thiselton-Dyer, F.R.S.|A. C. Seward, Prof. F. E. Weiss. 


|Prof. Harvey Gibson, A. C. Seward, 
Prof. F. E. Weiss. 

Prof. J. B, Farmer, E. C. Jeffrey, 
A. C. Seward, Prof. F. E. Weiss. 


...|A.C, Seward, H. Wager, J. W. White. 


G. Dowker, A. C. Seward, H. Wager. 

A. C. Seward, H. Wager, W. West. 

D. T. Gwynne- Vaughan, G. F. Scott- 
Elliot, A. C. Seward, H. Wager. 

A. G. Tansley, Rev. C. H. Waddell, 
H. Wager, R. H. Yapp. 

H. Ball, A. G. Tansley, H. Wager, 
R. H. Yapp. 


.| Dr. F. F. Blackman, A. G. Tansley, 


H. Wager, T. B. Wood, R. H. Yapp. 


Rh. P. Gregory, Dr. Marloth, Prof. 
Pearson, Prof. R. H. Yapp. 

|Dr. A. Burtt, R. P. Gregory, Prof. 
A. G. Tansley, Prof. R. H. Yapp. 

W. Bell, R. P. Gregory, Prof. A. G. 
Tansley, Prof. R. H. Yapp. 

Prof. H. H. Dixon, R. P. Gregory, 
A. G. Tansley, Prof. R. H. Yapp. 
Prof. A. H. R. Buller, Prof. D. T. 

Gwynne-Vaughan, Prof.R.H.Yapp. 
W. J. Black, Dr. E. J. Russell, Prof. 
J. Wilson. 


SECTION L.—EDUCATIONAL SCIENCE. 


Glasgow ... 


Belfast ... 


Southport .. 
Cambridge 
SouthAfrica 


Vay Sea 


Sir John E. Gorst, F.R.S. 


| Prof. H. E. Armstrong, F.R.S. 


Sir W. de W. Abney, K.C.B., 
F.R.S. 
Bishop of Hereford, D.D. 


Prof. Sir R. C. Jebb, D.C.L., 


M.P. 
Prof. M. HE, Sadler, LL.D. ... 


'R. A. Gregory, W. M. Heller, R. Y- 
Howie, C. W. Kimmins, Prof. 
| H.L. Withers. 

‘Prof. R. A. Gregory, W. M. Heller, 
R. M. Jones, Dr. C. W. Kimmins, 
Prof. H. L. Withers. 

Prof. R. A. Gregory, W. M. Heller, 
Dr. C. W. Kimmins, Dr. H. L. Snape. 


..|J. H. Flather, Prof. R. A. Gregory, 


W. M. Heller, Dr. C. W. Kimmins. 

A.D. Hall, Prof. Hele-Shaw, Dr. C. W. 
Kimmins, J. R. Whitton. 

Prof. R. A. Gregory, W. M. Heller, 
Hugh Richardson, 
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PRESIDENTS AND SECRETARIES OF THE SECTIONS, 


Date and Place 


Presidents 


Secretaries 


1907. 
1908. 


1909, 


Leicester ... 


Dublin 


Winnipeg... 


Sir Philip Magnus, M.P. ...... 
Prof. L. C. Miall, F.RB.S. ...... 


Rev. H. B. Gray, D.D.......... 


W. D. Eggar, Prof. R. A. Gregory, 
| J.8. Laver, Hugh Richardson. 
‘Prof. E. P. Culverwell, W. D. Eggar, 
George Fletcher, Prof. R. A. 
Gregory, Hugh Richardson. 

|W. D. Eggar, R. Fletcher, J. L. 
Holland, Hugh Richardson. 


CHAIRMEN anp SECRETARIES or tar CONFERENCES OF 
DELEGATES OF CORRESPONDING SOCIETIES. 


Date and Place Chairmen Secretaries 
1885. Aberdeen... Francis Galton, F.R.S.......... Prof. Meldola. 
1886. Birmingham Prof. A. W. Williamson,F.R.S8.| Prof. Meldola, F.R.S. 
1887. Manchester Prof.W.Boyd Dawkins,F.R.S.| Prof. Meldola, F.R.8. 
1888. Bath......... John Evans, F.R.S. .........005 Prof. Meldola, F.R.8. 
1889. Newcastle- Francis Galton, F.R.S.......... Prof. G. A. Lebour. 
upon-Tyne 
1890. Leeds ...... |G. J. Symons, F.R.S. ....00006 Prof. Meldola, F.R.S. 
1891. Cardiff ...... |G. J. Symons, F.R.S. ......... Prof. Meldola, F.R.S. 
1892. Edinburgh | Prof. Meldola, F.R.S. ......... T. V. Holmes. 
1898. Nottingham) Dr. J. G. Garson ...,.......066+ T. V. Holmes. 
1894. Oxford...... Prof. Meldola, F.R.S. ......... T. V. Holmes. 
1895. Ipswich ...|G. J. Symons, F.R.S. .........|T. V. Holmes. 
1896. Liverpool...| Dr. J. G. Garson ..eseesseeseeee T. V. Holmes. 
1897. Toronto ...| Prof. Meldola, F.R.S. ........./J. Hopkinson. 
1898. Bristol...... W. Whitaker, WORS. iaeccsees T. V. Holmes. 
1899. Dover ...... Rev. T. R. R. Stebbing, F.R.S./T. V. Holmes. 
1900. Bradford ...| Prof. E. B. Poulton, F.B.S. ...|T. V. Holmes. 
1901. Glasgow ...| F. W. Rudler, F.G.8. .........|Dr. J. G. Garson, A. Somerville, 
1902 Belfast...... Prof. W. W. Watts, F.G.S. ...|E. J. Bles. 
1903. Southport ..)W. Whitaker, F.R.S. ......... F. W. Rudler. 
1904. Cambridge | Prof. E. H. Griffiths, F.R.S. |F. W. Rudler. 
1905. London ...)Dr. A. Smith Woodward,|F. W. Rudler. 
F.R.S. 
1906: oY orko ie. .cne Sir Edward Brabrook, C.B....|F. W. Rudler. 
1907. Leicester ...| H. J. Mackinder, M.A.......... F. W. Rudler, 1.8.0, 
1908. Dublin...... Prof. H. A. Miers, F.R.S....... W. P. D. Stebbing. 
1909. London .,,.| Dr. A. C. Haddon, F.R.S. ...|W. P. D. Stebbing. 


EVENING DISCOURSES. 


Date and Place 


Lecturers 


Subject of Discourse 


1842. Manchester 


1843. Cork 


1844, York 


we eeeoeee 


Charles Vignoles, F.R.S...... 


Sir M. I. Brunel 
R.. TL. Murebisontrcccscsesscvwasnc 
Prof. Owen, M.D., F.R.S....... 
Prof. E. Forbes, F.R.S.......... 


Dr. Robinsomtenescacs: vesscsse 4 


The Principles and Construction of 
Atmospheric Railways. 

The Thames Tunnel. 

The Geology of Russia. 

The Dinornis of New Zealand. 

The Distribution of Animal Life in 
the Aigean Sea. 

The Harl of Rosse’s Telescope. 


Charles Lyell, F.R.S. .....++ 
Dr, Falconer, FLR.S...scssceeees 


Geology of North America. 


|The Gigantic Tortoise of the Siwalik 
| Hills in India, 


—— a 


OEE EE = 


Date and Place 


1845. Cambridge 


1846. Southamp- 
ton. 


1847. Oxford...... 


1848. Swansea ... 
1849. Birming- 
ham. 


1850. Edinburgh 
1851. Ipswich ... 


1852. Belfast...... 


1853. Hull......... 


1854. Liverpool... 
1855. Glasgow ... 


1856. Cheltenham 


1857. Dublin...... 
1858. Leeds ...... 
1859. Aberdeen... 


1860. Oxford...... 
1861. Manchester 
1862, Cambridge 


EVENING DISCOURSES. 


lxxxix 


Lecturers 


G.B.Airy,F.R.S.,Astron. Royal 
R. I. Murchison, F.R.S. ..... 
Prof. Owen, M.D., F.R.S. ... 
Charles Lyell, F.R.S. ....... 
Weak. GYrove, BURBS. cssccccccnss 


Rev. Prof. B. Powell, F.R.S. 
Prof, M. Faraday, F.RB.S....... 


Hugh E. Strickland, F.G.S.... 
John Percy, M.D., F.R.S....... 


W. Carpenter, M.D., F.R.S.... 
Dr. Faraday, F.R.S. .........08- 
Rev. Prof. Willis, M.A., F.R.S. 


Prof. J. H. Bennett, M.D., 
F.B.S.E. 


Dr. Mantell, F.R.S. .........008 
Prof. R. Owen, M.D., F.R.S. 


Subject of Discourse 


Progress of Terrestrial Magnetism. 


.|Geology of Russia. 


Fossil Mammalia of the British Isles, 


-.| Valley and Delta of the Mississippi. 


Properties of the ExplosiveSubstance 
discovered by Dr. Schénbein; also 
some Researches of his own on the 
Decomposition of Water by Heat. 

Shooting Stars. 

Magnetic and Diamagnetic Pheno- 
mena. 

The Dodo (Didus ineptus). 

Metallurgical Operations of Swansea 
and its Neighbourhood. 

Recent Microscopical Discoveries. 

Mr. Gassiot’s Battery. 

Transit of different Weights with 
varying Velocities on Railways. 
Passage of the Blood through the 
minute vesselsof Animals in con- 

nection with Nutrition. 

Extinet Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their Changes of Form. 


G. B. Airy, F.R.S.,Astronomer|Total Solar Eclipse of July 28, 


Royal 

Prof. G. G. Stokes, D.C.L., 
F.B.S. 

Colonel Portlock, R.E., F.R.S. 


Prof. J. Phillips, LL.D.,F.R.S., 
F.G.S. 


Robert Hunt, F.B.S.........02.. 
Prof. R. Owen, M.D., F.R.S. 
Col, E. Sabine, V.P.R.S. ...... 


Dr. W. B. Carpenter, F.R.S. 
Lieut.-Col. H. Rawlinson 


Col, Sir H. Rawlinson ......... 


W. R. Grove, F.R.S. ........008. 
Prof. W. Thomson, F.R.S. ... 
Rev. Dr. Livingstone, D.C.L. 
Prof. J. Phillips, LL.D.,F.R.S. 
Prof. R. Owen, M.D., F.R.S. 

Sir R. I. Murchison, D.C.L.... 
Rev. Dr. Robinson, F.R.S. ... 


Rey. Prof. Walker, F.R.S. ... 
Captain Sherard Osborn, R.N. 
Prof,W.A. Miller, M.A.,F.R.S. 
G.B.Airy,F.R.S,,Astron. Royal 
Prof, Tyndall, LL.D., ¥.R.8. 

Prof, Odling, FVB.S........00 “6 


1851. 

Recent Discoveries in the properties 
of Light. 

Recent Discovery of Rock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

Some peculiar Phenomena in the 
Geology and Physical Geography 
of Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of Researches in Terrestrial 
Magnetism. 

Characters of Species. 


.| Assyrian and Babylonian Antiquities 


and Ethnology. 

Recent Discoveries in Assyria and 
Babylonia, with the results of 
Cuneiform Research up to the 
present time. 

Correlation of Physical Forces. 

The Atlantic Telegraph. 

Recent Discoveries in Africa. 

The Ironstones of Yorkshire. 

The Fossil Mammalia, of Australia. 

Geology of the Northern Highlands, 

Electrical Discharges in highly 
rarefied Media. 

Physical Constitution of the Sun, 

Arctic Discovery. 

Spectrum Analysis. 

The late Eclipse of the Sun. 

The Forms and Action of Water, 

Organic Chemistry, 


xC 


EVENING DISCOURSES. 


Date and Place 


Lecturers 


Subject of Discourse 


1863. 


1864. 
1865. 


Newcastle 


Bath 


Birming- 
han. 


1866. Nottingham 


1867. 


1868. 


1869. 


1870. 


1871. 


1872. 


1873. 
1874. 


1875. 
1876. 
1877. 


1878, 


1879. 
1880. 


1881. 


Dundee...... 


Norwich ... 


Exeter 


seeeee 


Liverpool... 


Edinburgh 


Brighton .., 


Bradford ... 
Belfastinwess 
ISTISHOM eenete 
Glasgow 


Plymouth... 


Dublin 


seeee 


Sheffield .., 
Swansea ... 
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Sir John Lubbock, Bart..M.P., 


|F. J. Bramwell, F.R.S.......... 
«es | Prot. Tait, F.RS.E. 


| Prot. Odlinew HR Nocstsora.s ace 


Prof. Williamson, F.R.S.... 


James Glaisher, F.R.S......... 


Prof.dRoscoe; i. His. scc..cvesee 
Dr. Livingstone, F.R.S. ..... 
|J, Beete Jukes, F.R.S....... 


| Dr. J. D. Hooker, F.R.S....... 
Archibald Geikie, F.R.S....... 


| Alexander Herschel, F.R.A.S. 
lads Fergusson, F'.R.S........-.00. 


Dr. W. Odling, F.R.S.. 
Prof. J. Phillips, LL.D. F. R. Ss. 
|J. Norman Lockyer, F. RS. 


‘Prof. J. Tyndall, LL.D., F.B.S. 


| Prof.W.J. Macquorn Rankine, | 
|. Ui. DE wens: 
|B. A. Abel, ALAS Pane ner eee re 


Seer eseesees 


|E. B. Tylor, F.R.S. 


' Prof, P. Martin Duncan, M.B., 
F.R.S. 

Prof. Work: Clifford ..2cccsccoe 

Prof. W. C.Williamson, F.R.S. 

| Prof. Clerk Maxwell, F.R.S. 


F.R.S. 
Prof. Huxley, F.R.S. 


W.Spottiswoode,LL.D.,F.R.S 


Sir Wyville Thomson, ¥. R. 8. 
W. Warington Smyth, M.A., 
F.B.S. " 


G. J. Romanes, F.L.S.......... 
Prof. Dewan; HAR O. cesse.cs-- on] 


W.. Crookes, sHuRES: covsccapers.'| 
Prof. E. Ray Lankester, F.R. 
Prof.W.Boyd Dawkins, F.R.S. 
| Francis Galton, F.R.S.......... | 
Prof. Huxley, Sec. R.S. 


‘William Huggins, F.R.S.......) 


W. Spottiswoode, Pres. B.S... 


The Electric Discharge : 


..| The Cheeta of ee Catanic 


Battery considered in relation 
to Dynamics. 

The Balloon Ascents made for the 
British Association. 


.| The Chemical Action of .Light. 
.| Recent Travels in Africa. 
.| Probabilities as to the position and 


extent of the Coal-measures be- 
neath the red rocks of the Mid- 
land Counties. 

The Results of Spectrum Analysis 
applied to Heavenly Bodies, 


Insular Floras. 
The Geological Origin of the present 


Scenery of Scotland. 
The present state of Knowledge re- 
garding Meteors and Meteorites. 
Archeology of the early Buddhist 
Monuments. 


.| Reverse Chemical Actions. 


Vesuvius. 
.|The Physical Constitution of the 
Stars and Nebule. 


|The Scientific Use of the Imagi- 


nation. 
Stream-lines and Waves, in connec- 
tion with Naval Architecture. 
Some Recent Investigations and Ap- 
plications of Explosive Agents. 


The Relation of Primitive tu Modern 


Civilisation. 
Insect Metamorphosis, 


The Aims and Instruments of Scien- 


tific Thought. 


Coal and Coal Plants, 
Molecules. 
Common Wild Flowers considered 


in relation to Insects. 


The Hypothesis that Animals are 


Automata, and its History. 


S.| The Colours of Polarised Light. 
Railway Safety Appliances. 

.| Force. 

The ‘ Challenger’ Expedition. 


Physical Phenomena connected with 
the Mines of Cornwall and Devon. 


The New Element, Gallium. 
Animal Intelligence. 
Dissociation, or Modern Ideas of 


Chemical Action. 


Radiant Matter. 
$8. Degeneration. 
Primeval Man. 


Mental Imagery. 


The Rise and Progress of Palzeon- 


tology 
its Forms 
and its Functions. : 


i i i il 


Date and Place 


EVENING DISCOURSES. 


Lecturers 


xcl 


Subject of Discourse 


1882. 
1883. 


1884. 


1885. 


1886. 
1887. 
1888. 


1889. 
1890. 
1891. 


1892. 
1893. 


1894, 


1895. 


1896. 
1897. 


1898. 
1899. 
1900. 
1901. 


1902. 


_ 1903. Southport... 


Southamp- 
ton. 
Southport... 


Montreal... 


Aberdeen... 


Birming- 
ham. 
Manchester 


se eeeeeee 


Newcastle- 
upon-Tyne 


aeeeee 


Edinburgh 


Nottingham 


Ipswich 


Liverpool... 


Toronto ... 


Bristol...... 
Dover 
Bradford ... 


Glasgow ... 


Belfast... 


se eeee) 


| Prof. W. Stroud. 


Francis Darwin, F.R.S. 


Prof.Sir Wm. Thomson, F.R.S. 
Prof. H. N. Moseley, F.R.S. 

Rrotriass ball WORD. .cses. 
Prof. J. G. McKendrick. ...... 
Prof. O. J. Lodge, D.Sc. ...... 
Rev. W. H. Dallinger, F.R.S. 


Prof. W. G. Adams, F.R.S.... 


John Murray, F.R.S.E.......... 
A. W. Riicker, M.A., F.R.S. 
Prof. W. Rutherford, M.D.... 
Prof. H. B. Dixon, F'.R.S. 
Col. Sir F. de Winton 
Prof. W. E. Ayrton, F.R.S. ... 
Prof. T. G. Bonney, D.Sc., 
F.RS. 
Prof. W. C. Roberts-Austen, 
| F.R.S. 
Walter Gardiner, M.A......... 


KE. B. Poulton, M.A., F.R.S.... 
| Prof. C. Vernon Boys, F.R.S. 
Prof. L. C. Miall, ¥.L.8., F.G.S. 


Prof. A. W.Riicker,M.A.,F.R.S. 
Prof. A. M. Marshall, F.R.S. 
Prof. J.A. Ewing, M.A., F.R.S. 
(Prof. A. Smithells, B.Sc. 
'Prof. Victor Horsley, F.R.S. 


J. W. Gregory, D.Sc., F.G.S. 
Prof. J.Shield Nicholson, M.A. 


..| Prof. §. P. Thompson, F.R.S. 


|Prof. Percy F. Frankland, 
F-.R.S. 

Dri-Hgar, PRS. sive 

Prof. Flinders Petrie, D.C.L. | 

Prof. W. C. Roberts-Austen, 
F.RB.S. 

Je Milnes WARES. ck oth ek 

Prof. W. J. Sollas, F.R.S. ..... 

Herbert Jackson .............65 

Prof, J. Fleming, F.R.S. ......| 

Prof. F. Gotch, F.R.S.......... 


seeeee 


Prof. J. J. Thomson, F.R.S.... 
Prof. W. F. R. Weldon, F.R.S. 
Dr. R. Munro 


Tides. 

Pelagic Life. 

Recent Researches on the Distance 
of the Sun. 

Galvanic and Animal Electricity. 

Dust. 

The Modern Microscope in Re- 
searches on the Least and Lowest 
Forms of Life. 

The Electric Light and Atmospheric 
Absorption. 

The Great Ocean Basins. 

Soap Bubbles. 

The Sense of Hearing. 


.| The Rate of Explosions in Gases. 


Explorations in Central Africa. 

The Electrical Transmission of Power. 

The Foundation Stones of the Earth’s 
Crust. ; 

The Hardening and Tempering of 
Steel. 

How Plants maintain themselves in 
the Struggle for Existence. 

Mimicry. 

Quartz Fibres and their Applications. 

Some Difficulties in the Life of 
Aquatic Insects. 

Electrical Stress. 

Pedigrees. 

Magnetic Induction. 

Flame. 

The Discovery of the Physiology of 
the Nervous System. 

Experiences and _ Prospects 
African Exploration. 

Historical Progress and Ideal So- 
cialism. 

Magnetism in Rotation. 

The Work of Pasteur and its various 
Developments. 

Safety in Ships. 

Man before Writing. 

Canada’s Metals. 


of 


Earthquakes and Volcanoes. 

Funafuti: the Study of a Coral Island. 

Phosphorescence. 

La vibration nerveuse. 

TheCentenary of the ElectricCurrent. 

Animal Electricity. 

Range Finders. 

The Inert Constituents 
Atmosphere. 

The Movements of Plants. 

Becquerel Rays and Radio-activity. 

Inheritance. 

Man as Artist and Sportsman in the 
Palzolithic Period. 

The Old Chalk Sea, and some of its 
Teachings. E 


of the 


XCil 


EVENING DISCOURSES. 


Date and Place 


| Lecturers 
| 


Subject of Discourse 


1904. 
1905. 


Cape Town 


Durban 


Cambridge 


South 
Africa: 


Pietermaritz- 
burg. 
Johannesburg 


Pretoria 


Bloemfontein... 


Kimberley 


Bulawayo 
1906. 


1907. 


1908. 
1909. 


Mork aie 


Leicester ... 


Dablin v.20 


Winnipeg... 


...|D. Randall-MacIver 


Prof. G. H. Darwin, F.R.S.... 
Prof. H. F. Osborn 


se eeeereeree 


.| Prof. E. B. Poulton, F.R.S. ... 


C. Vernon Boys, F.R.S. ... 


.| Douglas W. Freshfield......... 


Prof, W. A. Herdman, F.R.S. 
Col. D. Bruce, C.B., F.R.S.... 
H. T. Ferrar 
Prof, W. H. Ayrton, F.R.S.... 
Prot. Os-AtTH Olds. ciccsvceschen 


A. R. Hinks 


Oe ee 


.|Sir Wm. Crookes, F'.R.S....... 


Prof. J. B. Porter 


ween e ee ew ne eeee 


Dr. Tempest Anderson......... 
Dr, A. D. Waller, F.R.S 


IW Duddell PE URS. sttsenvess 
Dr Sha IRCY ccs scoance sous 
Prof. H. H. Turner, F.R.S. ... 


Prof. W. M. Davis. 
Dr. A. E. H. Tutton, ¥.B.S.... 


ee eeeeeenee 


Prof. W. A. Herdman, F.R.S. 
1 Prof. H. B. Dixon, F.R.S.... 
1 Prof. J. H. Poynting, F.R.S. 


Ripple- Marks and Sand-Dunes. 
Paleontological Discoveries in the 
Rocky Mountains. 


W. J. Burchell’s Discoveries in South 
Africa. 


.|Some Surface Actions of Fluids. 


The Mountains of the Old World. 

Marine Biology. 

Sleeping Sickness. 

The Cruise of the ‘ Discovery.’ 

The Distribution of Power. 

Steel as an Igneous Rock. 

Fly-borne Diseases: Malaria, Sleep- 
ing Sickness, &c. 

The Milky Way and the Clouds of 
Magellan. 

Diamonds. 

'The Bearing of Engineering on 
Mining. 

The Ruins of Rhodesia. 

Volcanoes. 


.....|The Electrical Signs of Life, and 


their Abolition by Chloroform. 


.| The Ark and the Spark in Radio-tele- 


graphy. 
Recent Developments in the Theory 
of Mimicry. 
Halley’s Comet. 
The Lessons of the Colorado Canyon. 
The Seven Styles of Crystal Archi- 
tecture. 
Our Food from the Waters. 
The Chemistry of Flame. 
The Pressure of Light. 


LECTURES TO THE OPERATIVE CLASSES. 


Date and Place 


Lecturers 


Subject of Lecture 


1867. 
1868. 
1869. 


1870. 
1872. 
1873. 
1874, 
1875. 
1876. 
1877. 
1879. 
1880. 


Norwich ...) 


Exeter 


eeeree 


Liverpool... 
Brighton ... 
Bradford ... 
Belfast 
Bristol ...... 
Glasgow ... 
Plymouth... 
Sheffield ... 
Swansea. ... 


Prof. ss Tyndall, aa Ds 
Prof. Huxley, LL.D., F. 
| Prof, Miller, M.D., F.R. 
SirJohn Lubbock, Bart. 
W.Spottiswoode,LL.D. 
C. W. Siemens, D.C.L., : 
Prot(Odling) Ris c.:seenee 
Dr. W. B. Carpenter, F.R.S. 

Commander Cameron, C.B.... 
W. H. Preece 
W,. He Ayrton™ vj. ansmccesesceten 
H. Seebohm, F.Z.S. ..........6- 


,F.R.S 
E.R.S. 
. RS 


.| Matter and Force. 
A Piece of Chalk. 


.|The modes of detecting the Com- 


position of the Sun and other 
Heavenly Bodies by the Spectrum, 


.| Savages. 


Sunshine, Sea, and Sky 


.| Fuel. 


The Discovery of Oxygen. 

A Piece of Limestone. 

A Journey through Africa. 
Telegraphy and the Telephone. 
Electricity as a Motive Power 
The North-East Passage. 


1 «Popular Lectures,’ delivered to the citizens of Winnipeg. 


: 


—- =“  -_ 


LECTURES TO THE OPERATIVE CLASSES. 
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Caaencc UT UnEEEEEISEEE EEE 


Date and Place 


1881. 


Lecturers 


York 


seeeeeene 


1882. Southamp- 


1883. 
1884. 
1885. 
1886. 


1887. 
1888. 
1889. 


1890. 
1891. 
1892. 


ton. 
Southpo t... 
Montreal ... 
Aberdcen... 
Birmingham 


Manchester 
Bath......... 
Newcastle- 


saneee 


Edinburgh.. 


1893. Nottingham 


1894. Oxford 
1895. 
1896. 


seeeee 


Ipswich ... 
Liverpool... 


1897. Toronto ... 


1898. Bristol 


1900. Bradford ... 
1901. Glasgow ... 


1902 


1903. 


1904. 
1906. 


. Belfast...... 
Southport... 


Cambridge.. 
Work: ....%0 


1907. Leicester ... 


1908. Dublin 


Prof. Osborne Reynolds, 
F.R.S. 
John Evans, D.C.L.,Treas. B.S. 


Sir F. J. Bramwell, F.R.S. ... 
Prof. R. S. Ball, F.R.S.......... 
H. B. Dixon, M.A. 
Prof. W. C. Roberts-Austen, | 
F.R.S. 
Prof. G. Forbes, F.R.S. ...... 
SirJohn Lubbock, Bart.,F.R.S. 
B. Baker, M.Inst.C.E. .........| 


Prof. J. Perry, D.Sc., F.R.S. 

Prof. 8. P. Thompson, F.R.S. 
Prof. C. Vernon Boys, F.B.S. 
Prof. Vivian B. Lewes......... 
Prof. W. J. Sollas, F.R.S. 
Dr. A. H. Fison 
Prof. J. A. Fleming, F.R.S.... 
Dr. H. O. Forbes 
Prof. E. B. Poulton, F.R.S. ... 


eee teres seenee 


Prof. S. P. Thompson, F.R.S. 
H. J. Mackinder, M.A.......... 


Prof. L. C. Miall, F.R.S. ...... 
Drs MICE, Caccescesiecssespss 
Dr. J. E. Marr, F.R.S. ......... 
Prof. 8. P. Thompson, F.R.S. 
Prof. H. A. Miers, F.R.S....... 


Dr, A. E. H. Tutton, F.R.S. 


Subject of Lecture 

Raindrops, Hailstones, and Snow- 
flakes. 

Unwritten History, and how to 
read it. 

Talking by Electricity—Telephones, 

Comets. 

The Nature of Explosions. 

The Colours of Metals and their 
Alloys. 


| Electric Lighting. 


The Customs of Savage Races. 
The Forth Bridge. 


| Spinning Tops. 


Electricity in Mining. 
Electric Spark Photographs. 
Spontaneous Combustion. 


..|Geologies and Deluges. 


Colour, 

The Earth a Great Magnet. 

New Guinea. 

The ways in which Animals Warn 
their Enemies and Signal to their 
Friends. 

Electricity in the Industries, 

The Movements of Men by Land 
and Sea. 

Gnats and Mosquitoes. 

Martinique and St. Vincent: tke 
Eruptions of 1902. 

The Forms of Mountains. 

The Manufacture of Light. 

The Growth of a Crystal. 

The Crystallisation of Water. 
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ATTENDANCES AND RECEIPTS AT ANNUAL MEETINGS. 


Table showing the Attendances and Receipts 


Date of Meeting Where held Presidents Ll ae pew ute 
(SISBIS Sept. 27 :.1.: Rone. Sos. ....| Viscount Milton, D.O.L.. F.R.S. = nl 
1832, June 19 Oxford ...... .| The Rev. W. Buckland, F.R.S. . — — 
1833, June 25. Cambridge .| The Rev. A. Sedgwick, E.R.S. ss — — 
1834, Sept. 8 .. Edinburgh .| Sir T. M. Brisbane, D.O.L., F. RS. ve: _ 
1835, Aug. 10......| Dublin .., .| The Rev. Provost Lloyd,LL.D., F.R. s. — _ 
1836, Aug. 22......| Bristol ... .| The Marquis of Lansdowne, F.R.S.... — —_ 
1837, Sept. 11......] Liverpool .............-. The Earl of Burlington, F.R.S.......... _ 7s 
1838, Aug. 10......| Newcastle-on-Tyne...| The Duke of Northumberland, F.R.S. — — 
1839, Aug. 26......| Birmingham ..,...... The Rev. W. Vernon Harcourt, FE.RS. — _— 
1840, Sept. 17......| Glasgow...... .| The Marquis of Breadalbane, F. R.S. ~ — 
1841, July 20 ......| Plymouth... ....| The Rev. W. Whewell, F.R.S. ........ 169 65 
1842, June 23.,.....) Manchester .. The Lord Francis Egerton, F.G.S. ... 303 169 
1843, Aug. 17......| Cork . .| The Earl of Rosse, F.R.S. .. . 109 28 
1844, Sept. 26 ......) York . .| The Rev. G. Peacock, D.D., F. : 4 226 150 
1845, June 19 Cambri ....| Sir John F. W. Herschel, Bart., FERS. 313 36 
1846, Sept. 10 . ... Southampton — .| Sir Roderick I. Murchison, Bart. »F.R.S. | 241 10 
1847, June 23 ..,... Oxtordets 74 ....| Sir Robert H. Inglis, Bart., F. R. 13 Aes 314 18 
1848, Aug.9 ..,...| Swansea......... .| TheMarquis ofNorthampton, Pres.R.8. 149 3 
1849, Sept. 12...... birmingham ..., The Rev. T. R. Robinson, D.D.. F.R.8. 227 12 
1850, July 21 ...... Edinburgh .| Sir David Brewster, K. HL, URS ae: 235 9 
1861, July 2!........ Ipswich ,..... .| G. B. Airy, Astronomer Royal, ERS. 172 8 
1852, Sept.1 ......| Belfast . .| Lieut.-General Sabine, F.R.S. .. : 164 10 
1853, Sept.3 ......| Hull ..,. William Hopkins, F. R. S..5 141 13 
1854, Sept. 20 Liverpoo .| The Earl of Harrowby, FR, 238 23 
1855, Sept. 12...... Glasgow...... .| The Duke of Argyll, F.R.S. ........ 5 194 33 
1856, Aug.6 ...... Cheltenham .| Prof. 0. G. B. Daubeny, M.D., F.R.S....| 182 14 
| 1857, Aug. 26 ...... Dublin .... ...| The Rey. H. Lloyd, D.D., F. RS. 236 15 
1858, Sept. 22 ...... Leeds |e ‘| Richard Owen, M.D., D.O.L. , FR. ie 222 42 
1859, Sept. 14...... Aberdeen , "| HLR.H. The Prince Consort... ....... 184 27 
| 1860, June 27 ...... Oxford ....... .| The Lord Wrottesley, M.A., F.R.S. .., 286 21 
1861, Sept.4 ...... Manchester . .| William Fairbairn, LL.D., FR. Si es 321 113 
1862, Oct. 1 ...... Cambridge .. ‘| The Rey. Professor Willis, M.A. sF. RS. 239 15 
1863, Aug. 26...... Newcastle-on-Tyne,,.| SirWilliam G. ‘Armstrong, O.B., F.R.S. 203 36 
1864, Sept.13...... Bath. ,..o1..ceeeeeeesvens Sir Oharles Lyell, Bart., M. A. F.R.S. 287 40 
1865, Sept.6 ...... Birmingham ...| Prof. J. Phillips, M.A., UD: 5 "RRS. 292 44 
1866, Aug. 22......) Nottingham. .| William R. Grove, Q. 0. F.R.S. . * 207 31 
1867, Sept. 4 | Dundee ....... .| The Duke of Buccleuch, K.O.B. a RS. 167 25 
1868, Aug. Norwich . Hab hye Joseph D. Hooker, FBS... “ec 196 18 
1869, Aug. Exeter .... .| Prof. G. G. Stokes, D.O.L., F.R.S....... 204° 21 
1870, Sept. ., Liverpool . .| Prof. T. H. Huxley, LL.D., F.RB.S. 314 39 
1871, Aug.2 ......| Edinburgh Prof. Sir W. Thomson, LL. an) bel ot RS. 246 28 
1872, Aug. 14 Brighton ..,, Dr. W. B. Carpenter, F.R.S. o 245 36 
1873, Sept. | Bradford , ...| Prof. A. W. Williamson, F.R. ou 212 27 
1874, Aug. 1§ Belfast .... .| Prof. J. Tyndall, LL.D., F.R.S. 162 13 
| 1875, Aug. Bristol .... Sir John Haw kshaw, F. R.S. 239 36 
1876, Sept. 6 Glasgow Prof. T. Andrews, M.D. , E.R cs 221 35 
1877, Aug. 15......) Plymouth, oa] Exot, A. Thomson, M.D., F. 173 19 
1878, Aug. 1¢ .| Dublin . ...| W. Spottiswoode, M.A., FR. 201 18 
1879, Aug. 2 .| Sheffield. Prof. G. J. Allman, M. D. ages 184 16 
1880, Aug. ¢ .| Swansea, A. O. Ramsay, LL. D., F.R.$ 144 11 
1881, Aug. Mork. ee Sir John Lubbock, Bart., Fl 272 28 
1882, Aug. Southampton . Dr. C. W. Siemens ERS. 178 17 
1883, Sept. Southport .... .| Prof. A. Cayley, D.O.L., F. Rs 203 60 
1884, Aug. Montreal .... Prof. Lord Rayleigh, F. RS. 235 20 
1885, Sept. Aberdeen ..., Sir Lyon Playfair. K.C.B., 225 18 
1886, Sept. Birmingham Sir J. W. Dawson, O.M.G., 314 25 
1887, Aug. Manchester .... Sir H. E. Roscoe, D.O.L. ea Ms 428 86 
TRBB Sapte Osc 2) abn eee eee ...| Sir F. J. Bramwell, F.R.S. . 266 36 
1889, Sept. .| Neweastle-on-Tyne.,.,| Prof. W. H. Flower, C.B., Fil 277 20 
1890, Sept. 3 Leeds ..| Sir F. A. Abel, O.B., F.R.S. op 259 21 
1891, Aug. ....| Cardiff Jal aes RVR Huggins, ERS. on 189 24 
1892, Aug. ol Edinburgh 5 _.| Sir A. Geikie, LL.D., F.B.S. oe 280 14 
1893, Sept. . Nottingham. ..| Prof. J. S. Burdon Sanderson. n, FERS 201 17 
1894, Aug. | (Oxfords s ..| The Marquis of Salisbury,K.G.,F.R.S 327 21 
1895, Sept. .| Ipswich .. ..| Sir Douglas Galton, K.C.B., F. RS. 214 13 
1896, Sept. .| Liverpool ..| Sir Joseph Lister, Bart., Pres. R. is 330 31 
1897, Aug. Toronto ..... ..| Sir John Evans, K.C.B., F.RB.S. . 120 8 
1898, Sept. Bristol ..| Sir W. Crookes, B R.S. ; 281 19 
1899, Sept. | Dover .. ..| Sir Michael Foster, K, ree 296 20 
1900, Sept. | Bradfor: .., Sir William Turner, D. 0. ea F. R. Ss. 267 13 
1901, Sept. Glasgow.. ..| Prof. A. W. Riicker, D.Sc., SecR. s.. 310 37 
1902, Sept. Belfast .. ..| Prof. J. Dewar, LLD., Lt See 243 21 
1903, Sept. 9 ......| Southport ., ..| Sir Norman Lockyer, K.C.B., F.R.S. 250 21 
1904, Aug. 17..,,.,) Cambridge..,.... ...| Rt. Hon, A. J. Balfour, M.P., F.R.S. 419 32 
1905, Aug. 15... South Africa .| Prof. G. H. Darwin, LL.D., F.R.§ 115 40 
(Dome ye ec! NOLK ._.oc..secees .| Prof. E. Ray Lankester, ie D., F. 322 10 
1907, July 31 ...,... Leicester Sir David Gill, K.C.B., F.R.S. 276 19 
1908, Sept. 2 ..... .| Dublin Dr. Francis Darwin, ERS. ; 294 24 
1909, Aug. 25,.....| '0rh 2 2): de Prof. Sir J. J. Thomson, F.RB.S. 117 13 


= Ladies were not admitted by purchased tickets until 1843. 
¥ Including 848 Members of the South African Association. 


+ Tickets of Admission to Sections only, 


at Annual Meetings of the Association. 


ATTENDANCES AND RECEIPTS AT ANNUAL MEETINGS. 


XCV 


| Amount 


Old New i enei td Grants 

Annual | Annual baer Ladies |Foreigners Total Beep 5 for Scientific! Year 
Members | Members is Matic Purposes | 
= "7 — = | 

— - -- _ — 353 — | 1831 
ae = = — = =: = = | 1832 
— — _— = — _|-° &o0 — = | 1833 
— — — = = 1298 = £20 0 0! 1834 
= = = = a = = 167 0 0} 1835 
a a4 = = = 1350 a 435 0 0) 1836 
Sy mn a er we 1840 = 929719 ‘6 | _ 1837 
_— — = EL OO Rater 2400 = 932 2 2/| 1838 
-- — — — Bae oY ApaBee = 1595 11 0 1839 
— — = _ 40 1353 2 | 1546 16 4 1840 
46 317 | 60* = 891 | — | 1235 10 11 1841 
75 376 33+ 381% =| > 1.98 1315 | a | 144917 8 1842 
71 185 = 160 == = oi re 1565 10 2 1843 
45 190 oF 260 — = = 98112 8) 1844 
94 22 407 172 35 1079 _ 831 9 9 1845 
65 39 270 196 36 857 = 68516 0 1846 
197 40 495 203 53 1320 | = 208 5 4 1847 
54 25 376 197 15 819 |£707 0 0} 275 1 8} 1848 
93 33 447 237 22 | 1071 | 963 0 0! 15919 6! 1849 
128 42 510 273 44 | 1241 1085 0° 0| 34518 0} 1850 
61 47 244 141 37 710 620 0 0/ 391 9 7) 1851 
63 60 510 292 9 1108 «=| 1085 0 0} 304 6 7 1852 
56 57 367 236 6 876 903 0 0] 205 0 0| 1853 
121 121 765 524 10 1802 1882 0 0| 38019 7| 1854 
142 101 1094 543 26 2133 2311 0 0} 48016 4) 1855 
104 48 412 346 9 1115 1098 0 0| 73413 9) 1856 
156 120 900 569 26 2022 2015, 0 0} 50715 4) 1857 
111 91 710 509 13 1698 1931 0 0| 61818 2 1858 
125 179 1206 821 22 2564 2782 0 0| 68411 1 1859 
177 59 636 463 47 1689 | 1604 0 0| 76619 6 1860 
184 125 1589 791 15 3138 3944 0 0} 1111 510 1861 
150 57 433 242 25 1161 1089 0 0| 129316 6, 1862 
154 209 1704 1004 25 3335 3640 0 0/1608 310) 1863 
, ies 103 1119 1058 13 2302 | 2965 0 0| 128915 8 1864 
215 149 766 508 23 1997 | 2227 0 0/1591 710| 1865 
218 105 960 771 11 2303 | 2469 0 0|'175013 4) 1866 
193 118 1163 771 a 2444 2613 0 0| 1739 4 0! 1867 
226 117 720 682 45 2004 2042 0 0/1940 0 0) 1868 
229 107 678 600 17 1856 1931 0 0| 1622 0 0] 1869 
303 195 1103 910 14 2878 3096 0 0| 1572 0 0} 1870 
311 127 976 754 21 2463 2575 0 0| 1472 2 6 1871 
280 80 937 S19) Fel #48 2533 2649 0 0/| 1285 0 0 1872 
237 99 796 601 11 1983 | 2120 0 0|168 0 0] 1873 
232 85 817 630 12 1951 1979 0 0/ 115116 0| 1874 
307 93 884 672 17 2248 =| 2397 0 0| 960 0 0| 1875 
331 185 1265 712 25 2774 3023 0 0| 1092 4 2| 1876 
238 59 446 283 11 1229 1268 0 0| 1128 9 7 1877 
290 93 1285 674 17 2578 | 2615 0 0| 72516 6 1878 
239 74 529 349 13 1404 | 1425 0 0 | 1080 11 11 1879 
171 41 389 147 12 915 899 0 0] 731 7 7| 1889 
313 176 1230 514 24 2557 2689 0 0| 476 8 1) 1881 
253 79 516 189 21 1253 1286 0 0| 1126 111) 1882 
330 323 952 841 5 2714 .| 3369 0 0| 1083 3 3 1883 
317 219 826 74 (|26&60H.§) 1777 1855 0 01173 4 0 188t 
332 122 1053 447 6 | 2203 2256 0 0| 1385 0 0 1885 
428 179 1067 429 11 2453 | 2532 0 0| 995 0 6 1886 
510 244 1985 493 92 3838 | 4336 0 0 | 118618 0 1887 
399 100 639 509 12 1984 2107 0 0| 16511 0 5} 1888 
412 113 1024 579 21 2437 | 2441 0 0] 1417 011] 1889 
368 92 680 334 12 1775 | 1776 0 0| 78916 8 1890 
341 152 672 107 35 | 1497 | 1664 0 UO | 102910 0 1891 
413 141 733 439 50 | 2070 2007 0 0) 86410 0 1892 
328 57 773 268 17 1661 1653 0 0) 90715 6 1893 
435 69 941 451 77 2321 2175 0 0| 583 i6 6| 1994 
290 31 493 261 22 1324 1236 0 0| 97715 5| 1895 
383 139 1384 873 41 3181 3228 0 0|110t 6 1] 1896 
286 125 682 100 41 1362 1398 0 0/ 105910 8 1897 
327 96 1051 639 33 2446 2399 0 0/| 1212 9 0 1898 
324 68 548 120 27 1403 | 1328 0 0 | 1430 14 2 1899 
297 45 801 492 | 9 } 1915 | 1801 0 0! 107210 0; 1900 
374 131 794 246 90 | 1912 | 2046 0 0| 945 0 0] 1901 
314 86 647 305 @ | 1620 | 1644 0,0 | 947.0 0) . 1902 
? 319 90 688 365 21 | 1754 1|1762 0 0| 814 13 2 1903 
449 113 1338 317 121 | 2789 2650 0 0} 8871811 1904 
9374 411 430 181 16 e(ehexs0F {| 2422) -0:00).928 aaa 1905 
356 93 817 352 22 1972 1811 0 0| 882 0 9, 1906 
339 61 659 261). |. 42 1647 1561 0 0| 7571210{| 1907 
465 12 1166 222 14 2297 2317 0 0| 115718 8 1908 
2909% 162 789 90 7 1468 1623 0 0| 1014 9 9 1909 


** Including 137 Members of the American Association, 


f Including Ladies. § Fellows of the American Association wereadmitted as Hon. Members for this Meeting. 
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ANALYSIS OF ATTENDANCES AT THE ANNUAL 
MEETINGS, 1831-1906. 


[The total attendances for the years 1832, 1835, 1843, and 1844 
are wnknown. | 


Average attendance at 72 Meetings : 1855. 


Average 
Attendance 
Average attendance at 5 Meetings beginning during June, between 
1833 and 1860 . : - 1260 
Average attendance at 3 Meetings beginning during July Ys between 
1841 and 1851 . : 947 
Average attendance at 28 Meetings beginning during ‘August, betmeen 
1836 and 1906 . : 1978! 
Average attendance at 34 Meetings "beginning during September 
between 1831 and 1903 : : 1933 
Attendance at 1 Meeting held in October, Cambridge, 1862 . 3 Ley 
+ 4 


Meetings beginning during August and September. 


Average attendance at— 
4 Meetings beginning during the 1st week in August ( 1st- 7th) . 1905 


5 ” ” ” ” 2nd ” ” ” ¢ 8th-14th) . 2130 
8 od ” ” ” 3rd ” ” ” (15th—21sr) . 1761 
iL ” ” ” ” 4th ” ” ” (22nd-31st) . 2094 


Average attendance at— 
11 Meetings beginning during the Ist weekin September( 1st— 7th). 2082 


16 » ” ” 5p Al »  ( 8th-14th). 1860 
5 ” ” ” ” 3rd ” ” ” (15th-21st). 2206 
Bie cs yy Ath’ Nand aac 


Meetings beginning during June, July, and October. 
Attendance at 1 Meeting (1845, June 19) beginning during the 3rd 


week in June (15th-21st) . ; 1079 
Average attendance at 4 Meetings beginning during the 4th week i in 

June (22nd-80th) ; 1306 
Attendance at 1 Meeting (1851, ‘July 2) beginning» during the Ist 

week in July (Ist-7th) . 710 
Average attendance at 2 Meetings beginning during the 3rd week in 

July (15th-21st) : 1066 
Attendance at 1 Meeting (1862, October moo beginning: ‘during the Ist 

week in October (1st-7th) . ° >» S61 


‘ Average attendance at 29 Meetings, including South Africa, 1905 (August 15—= 
September 1): 1985. 

* Average attendance at 9 Meetings, including South Africa, 1905 (August 15= 
. september 1): 1802. 


GRANTS OF MONEY, 
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General Statement of Sums which have been paid on account of 
Grants for Scientific Purposes. 


1834. 

£ 3s. d. 
Tide Discussions .............. 20 0 0 

1835. 
Tide Discussions ..........s0008 62 0 0 
British Fossil Ichthyology ... 105 0 0 
#167 O O 

1836 
Tide Discussions .......... tases, LOoe 0; 0 
British Fossil Ichthyology ... 105 0 0 

Thermometric Observations, 

OS ae aacsntees Ciesinacesnp 50 0 0 
Experiments on Long-con- 

tinued Heat .........eseceeees Ii le 0 
FRAIN-PAUSES: ..pcnsceces-arencene 913 0 
Refraction Experiments ...... 15 0 0 
rman, NUtabiON......0ccc>ecesese 60 0 0 
Thermometers ......cccceeeeseee 15 6 0 

£435 0 0 

1837. 

Tide Discussions ....cc.s.csse0e 284 1 0 
Chemical Constants ........... . 2413 6 
Lunar Nutation..............0665 70 0 0 
Observations on Waves ...... 100 12 0 
Mides' ab Bristol’ c..;..-.cceseseess 150 0 O 
Meteorology and Subterra- 

nean Temperature............ 93 3 0 
Vitrification Experiments 150 0 0 
Heart Experiments ............ 8 4 6 
Barometric Observations ...... 30 0 0 
PBALOMETOTS care scnneoceess seccetons 1118 6 

£922 12 6 
1838. 
Tide Discussions ........ssesese 29 9 0 
British Fossil Fishes............ 100 0 0 
Meteorological Observations 

and Anemometer Construc- 

BRM sors cescaeevcevactets arses 100 0 0 
Strength of Cast Iron ......... 60 0 0 
Preservation of Animal and 

Vegetable Substances ...... 19 110 
Railway Constants ..........6: 41 12 10 
TIStOL Tides”........:0escecs terse, 100, OaO 
Growth of Plants .............68 75 0 0 
Mud in Rivers ..........cese0ee es Die Os O, 
Education Committée ......... 50 0 O 
Heart Experiments ........... 5 3 0 
Land and Sea Level......... Sey Ode a 
Steam-vessels............c0ccse0e0 100 0 O 
Meteorological Committee 31.9 5 

£932 2 2 


1909 


1839. 

£ 8. da. 
Fossil Ichthyology ............ 110 0 0 

Meteorological Observations 
at Plymouth, &c. .........00. 63 10 0 
Mechanism of Waves ... 144 2 0 
Bristol Tides ..........ccsscesseee 85 18 6 

Meteorology and Subterra- 
nean Temperature........,... 2111 O 
Vitrification Experiments ... 9 4 0 
Cast-iron Experiments......... 103 0 7 
Railway Constants ............ 28 7 O 
Land and Sea Level............ 274 1 2 
Steam-vessels’ Engines ...... 100 0 4 
Stars in Histoire Céleste ...... 171 18 0 
Stars (Lacaille) ..............2086 LEO -6 
Stars in R.A.S. Catalogue 166 16 0 
Animal Secretions............... 10 10 6 
Steam Engines in Cornwall... 50 0 0 
Atmospheric Air ..........0s00e 161° "0 
Cast and Wrought Iron ...... 40 0 0 
Heat on Organic Bodies ...... 3.0 0 
Gases on Solar Spectrum...... 22 0 0 

Hourly Meteorological Ob- 

servations, Inverness and 
KOMPTISSIC Racccsssetanersascses Orme NS 
Fossil Reptiles’ <2.sccccsccecas coe 118 2 9 
Mining Statistics ............00 50 0 0 
£1595 11 0 

1840. 

Bristol Tides ...........s006 sivas? LOO O00. O 
Subterranean Temperature... 13 13 6 
Heart Experiments ......... ase lBe LOT; O 
Lungs Experiments ....... wae 813 0 
Tide Discussions ......... aeladals 50 0 O 
Land and Sea Level...... Medeeel gn Gil, +I 
Stars (Histoire Céleste) ...... 242 10 O 
Stars (Lacaille) .........sssesssee 415 0 
Stars (Catalogue) ......cce.seees 264 0 0 
Atmospheric Air .........20008 . 1615 O 
Water on Iron ...........seceeee 10 0 0 
Heat on Organic Bodies ...... 70 0 
Meteorological Observations. 5217 6 
Foreign Scientific Memoirs... 112 1 6 
Working Population 100 0 O 
School Statistics ....... 50s 1091.0 
Forms of Vessels .........00+008 184 7 0 

Chemical and Electrical Phe- 
MOWMICH AN nskecsowssnecmaey tas im 4020/4 0 

Meteorological Observations 
ab PlyMOuth., :ox.saccccapesces a) FSO010. 0 
Magnetical Observations...... 185 13 9 
£1546 16 4 

f 


xevili 
1841. 


Observations on Waves 
Meteorology and Subterra- 
nean Temperature 
ACtiINOMETETS ......sseeeererreceee 
Earthquake Shocks ..... ago 
Acrid POisONS.......seseeseeeeeere 
Veins and Absorbents 
Mud in Rivers ....s.scoesceceees 
Marine Zoology 
Skeleton Maps ....cs-esseeeeeers 
Mountain Barometers . 
Stars (Histoire Céleste) 
Stars (Lacaille)...........+0+ eos 
Stars (Nomenclature of) 
Stars (Catalogue Of) .........-++ 
Water on Iron ...scseeceseceeees 
Meteorological Observations 
at IMVernessS ........++.cen000” 
Meteorological Observations 
(reduction of) 
Fossil Reptiles 
Foreign Memoirs 
Railway Sections .......s0.e 
Forms of Vessels ........ scooter 
Meteorological Observations 
ab Plymouth \ic.nasseterrnatne 
Magnetical Observations..... 
Fishes of the Old Red Sand- 
SCONE | cocecsesecrecssocsssnuvelal 
Tides at Leith ea 
Anemometer at Edinburgh... 
Tabulating Observations ...... 
Races of Men............. AS ocaa0 
Radiate Animals 


worsereecce 


1842. 
Dynamometric Instruments. . 
Anoplura Britanniz 
Tides at Bristol 
Gases on Light 
Chronometers.............ss0ce ra 
Marine Zoology........sssceecses 
British Fossil Mammalia 
Statistics of Education 


ee ererees 


PINGS) vaspsveccecstetuel meaere oe 
Stars (Histoire Céleste) ...... 
Stars (Brit. Assoc. Cat. of) ... 
Railway Sections .............6. 
British Belemnites ............ 
Fossil Reptiles (publication 

of Repoutiy, wecestea ss. Fits 
Forms of Vessels 
Galvanic 

ROCESS seta .sespen-nessons cae 
Meteorological 

MUSELYIMOULD) \.os.v0.c-ccse0d08 
Constant Indicator and Dyna- 

mometric Instruments ..... 


£ 
30 


5 
2 


8. 
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GENERAL STATEMENT. 


36 


ane 
Force Of Wand, sis.snsacataneor 10, 0100 
Light on Growth of Seeds Ae at penal Uji 0) 
Vital Statisties 'F .cccccerssss0'e ae 00) 10), 0 
Vegetative Power of Seeds... 8 1 11 
Questions on Human Race... 7 9 O 
sas 9: 17/38 
1843. 
Revision of the Nomenclature 
Ol bAESeoresusstavecs-naeee eae 2 02-0 
Reduction of Stars, British 
Association Catalogue ...... 2beOl 0 
Anomalous Tides, Firth of 
WOYEH geyser creseess esas eepeaner 120 00 
Hourly Meteorological Obser- 
vations at Kingussie and 
FRVEIneSS! wecdacetessccesvescanm an amie ag O 
Meteorological Observations 
at Plymouth ..scsessvessseesee 55 0 0 
Whewell’s Meteorological Ane- 
mometer at Plymouth ...... TU Gb Maen 
Meteorological Observations, 
Osler’s Anemometer at Ply- 
INOW dea cossveeescsserecetctgeee 20 0 0 
Reduction of Meteorological 
Observations ..5:............ 30 0 0 
Meteorological Instruments 
and Gratuities ..... EisGar Oe, OO 
Construction of Anemometer 
at) Inyerhess Wve. ecesercas a 56 12° 2 
Magnetic Co-operation......... 10 8 10 
Meteorological Recorder for 
Kew Observatory ......... DUO 0 
Action of Gases on Light...... 18 16 1 
Establishment at Kew Ob- 
servatory, Wages, Repairs, 
Furniture, and Sundries... 133 4 7 
Experiments by Captive Bal- 
ROOMS ees anes cee dee daateenes eine Ole Sin O. 
Oxidation of the Rails of 
Railways... .<1scuseotoeses tevna, 20) “O40 
Publication of Report on re 
Fossil Reptiles .........se0e0 40 0.0 
Coloured Drawings of Rail- 
way Sections ........s.ssse0s . 14718 3 
Registration of Earthquake 
BHOCKS.., cesrsseegeaeeeaae ae a Oi O 
Report on Zoological N omen- 
CIAUMITC....5sasncenagenesh ene 10 0 0 
Uncovering Lower Red Sand- 
stone near Manchester ..... . 4 4 6 
Vegetative Power of Seeds... 5 3 8 
Marine Testacea (Habits of). 10 0 0 
Marine Zoology ...........0.+00. oO OO 
Marine Zoology :...........06e. 2 14 F1 
Preparation of Report on Bri- 
tish Fossil Mammalia ...... 100 0 0 
Physiological Operations of 
Medicinal Agents ......... weer Ole 
~ Vital Statistics ..........0....+0 5 8 


GRANTS OF MONEY, 


Eat Hae 
Additional Experiments on 

the Forms of Vessels ...... 70 0 0 
Additional Experiments on 

the Forms of Vessels ...... 100 0 0 
Reduction of Experiments on 

the Forms of Vessels ...... 100 0 0} 
Morin’s Instrument and Con- 

stant Indicator ............... 69 14 10 
Experiments on the Strength 

Of Materials 2.00.05. os.08.2 63. 60 0 0 

£1565 10 2 
LE 
1844. 
Meteorological Observations 

at Kingussie and Inverness 12 0 0 
Completing Observations at 

IPEVIMOUGN | suecdecwcasscmsae 35 0 0 
Magnetic and Meteorological 

Co-operation ................4. 25 8 4 
Publication of the British 

Association Catalogue of 

PIDAER EM naa A tates sdetec Sess setae 35 0 0 
Observations on Tides on the 

East Coast of Scotland 100 0 0 
Revision of the Nomenclature 

GEIRGATS | <setssise. acess es Vet 296 
Maintaining the Establish- 

ment at Kew Observa- 

1 ps SCORER EOACOBEY e- PEECEPEE 113 fy gal ly ales: 
Instruments for Kew Obser- 

NELDOU Vilas .ase class scssehasarheccce 13 a! int 
Influence of Light on Plants 10 0 0 
Subterraneous Temperature 

PIPITOLANCLM* Soos0 stad séeesces 5 0 0 
Coloured Drawings of Rail- 

WAY DECHONS 20... 2... ctesece Woe ie 
Investigation of Fossil Fishes 

of the Lower Tertiary Strata 100 0 0 
Registering the Shocks of 

Earthquakes ............ 1842 23 11 10 
Structure of Fossil Shells...... ZA0 me UE 0 
Radiata and Mollusca of the 

Aigean and Red Seas 1842 100 0 0 
Geographical Distributions of 

Marine Zoology ......... 1842 010 0 
Marine Zoology of Devon and 

MOOUTWIAL) c22s..25ec81c<f acai hens 1050" 0 
Marine Zoology of Corfu...... Leon O 
Experiments on the Vitality 

SIRE GY viitcaesieces tess teahees 9 0 *3 
Experiments on the Vitality 

EMS CM eiiestrsces, 1842 § 7 3 
Exotic Anoplura ............... 15 0 0 
Strength of Materials ......... 100 0 O 
Completing Experiments on 

the Forms of Ships ......... 100 0 O 
Inquiries into Asphyxia ......... 10 0 O 
Investigations on the Internal 

Constitution of Metals ...... 50 0 0 
Constant Indicator and Mo- 

rin’s Instrument......... 1842 10 3 6 

£981 12 8 
——S 


Xclx” 


1845. 
i$) a. 
Publication of the British As- 

sociation Catalogue of Stars 351 14 6 
Meteorological Observations 

at Inverness ...............005 30 18 11 
Magnetic and Meteorological 

Co-operation .............00005 1616 8 
Meteorological Instruments 

at Edinburgh............ 0.2.05 TBVLIIG 
Reduction of Anemometrical 

Observations at Plymouth 25 0 0 
Electrical Experiments at 

Kew Observatory ............ 43.17 8 
Maintaining the Establish- 

ment at Kew Observatory 149 15 0 
For Kreil’s Barometrograph 25 0 0 
Gases from Jron Furnaces ... 50 0 O 
The Actinograph ............... 145 0 0 
Microscopic Structure of 

HELIS P Fos ceasencossacseesceeet 20.0.0 
Exotic Anoplura ......... 1843 10 0 0 
Vitality of Seeds ......... 1843 2 0 7 
Vitality of Seeds ......... 1844 7 0 0 
Marine Zoology of Cornwall... 10 0 0 
Physiological Action of Medi- 

INES etanroneracecccmiecster ate 20 0 0 
Statistics of Sickness and 

Mortality in York............ 20 0 0 
Earthquake Shocks ...... 1843 15 14 8 

£831 9 
1846. 
British Association Catalogue 

OL MPAWS SR. css0+sescere sss 1844 211 15 O 
Fossil Fishes of the London 

(GE) iesemanoocyaats Bencc O75 Jearoahe 100 0 O 
Ginputation of the Gaussian 

Constants for 1829 ......... 50 0 0 
Maintaining the Hstablish- 

ment at Kew Observatory... 146 16 7 
Strength of Materials ......... 60 0 0 
Researches in Asphyxia. ...... 616 2 
Examination of Fossil Shells 10 0 0 
Vitality of Seeds ......... 1844 215 10 
Vitality of Seeds ......... 1845, °7'12'° 3 
Marine Zoology of Cornwall 10 0 0 
Marine Zoology of Britain ... 10 0 0 

| Exotic Anoplura ......... 1844 25 0 0 
Expenses attending Anemo- 

MOGETS o.2. sedate sere te. EUS Te 26 
Anemometers’ Repairs ......... 2 3 6 
Atmospheric Waves ............ BBN 
Captive Balloons ......... 1844 819 8 
Varieties of the Human Race 

1844 7 6 3 
Statistics of Sickness and 
Mortality in York ............ 12°70°°0 
£685 16 0 
Bee Be 2 
£2 


Q 


1847. 


Che CB 
Computation of the Gaussian 
Constants for 1829 ......... 50 O 
Habits of Marine Animals ... 10 0 
Physiological Action of Medi- 
CINES seeccensscererseeerecenrers 20 0 
Marine Zoology of Cornwall 10 0 ¢ 
* Atmospheric Waves .......-.+ Garona 
Vitality of Seeds .........-.++ te ree 
Maintaining the EHstablish- 
ment at Kew Observatory 107 8 6 
£208 5 4 
1848. 
Maintaining the Sstablish- 
ment at Kew Observatory 171 15 11 
Atmospheric Waves .....+.++++. 310 9 
Vitality of Seeds ........e-ee.-s 915 9 
Completion of Catalogue of 
SHars! -sdedtadaeocsdesseaecsinians 70 0 0 
On Colouring Matters .......,. 5 0 O 
On Growth of Plants ......... 15 0 0 
£275 1 8 
1849. 
Electrical Observations at 
Kew Observatory .....seeeees 50 0 0 
Maintaining the Establish- 
ment at GittO........ccsecerees 16) 92 ao 
Vitality of Seeds ...........0005 bye I 
On Growth of Plants ...... .. By Og) 
Registration of Periodical 
PHENOMENA........sseeereseeees LOW LOI 
Bill on Account of Anemo- 
metrical Observations ...... 139) 5.0 
#159 19 6 
1850. 
Maintaining the Establish- 
ment at Kew Observatory 25518 0 
Transit of Earthquake Waves 50 0 O 
Periodical Phenomena ......... 15: 070 
Meteorological Instruments, 
JACARTITESVEREAO cpbpondnoodccenonanacc 25 0 0 
£345 18 0 
1851. 
Maintaining the Hstablish- 
ment at Kew Observatory 
(including part of grant in 
AONE. caccsmitencetans 309 2 2 
Theory of Heat .......cccceseeees 20). A 
Periodical Phenomena of Ani- 
mals and Plants...........000. 5.0 0 
Vitality of Seeds ............... 5 6 4 
Influence of Solar Radiation 30 0 O 
Ethnological Inquiries ......... 12 0 0 
Researches on Annelida ..,.... OLGA 
Clee 


oo co 


GENERAL STATEMENT, 


1852. 


Maintaining the Establish- 
ment at Kew Observatory 
(including balance of grant 


FOLASDO) cate oeteeeesssne sey ses 233 17 8 
Experiments on the Conduc- 

tion Of Heat ....ccsrscereoeee 5 Zap 
Influence of Solar Radiations 20 0 0 
Geological Map of Ireland... 15 0 O 
Researches on the British An- 

ME] Caines taesonsoeioes ccelesee ste 10 0 0 
Vitality of Seeds ...........0606 LO) 56H 2 
Strength of Boiler Plates...... LOO) 10 

£304 6 7 
1853. 
Maintaining the Establish- 

ment at Kew Observatory 165 0 0 
Experiments on the Influence 

of Solar Radiation............ 15 0 0 
Researches on the British 

ATINGLIGA le apanecsapesesiietesesre 10-40),..0 
Dredging on the East Coast 

OfsScobland:. ces enumcenseewncee 10 0 0 
Ethnological Queries ......... 5.0 0 

£205 0 0 
ee 
1854. 
Maintaining the Establish- 

ment at Kew Observatory 

(including balance of 

former grant).........06 S800 330 15 4 
Investigations on Flax......... L010 
Effects of Temperature on 

Wroughtdlron. si. .s.srarsepiass 10 0 0 
Registration of Periodical 

PHENOMENA. »..025s0ceereseses 100-0 
British Annelida .............4. TORO. a0 
Watalityiof S6edsinc.amsrses-.0r Die eiac 
Conduction of Heat............006 4 2 0 

£380 19 7 
1855. 
Maintaining the Establish- 

ment at Kew Observatory 425 0 0 
Earthquake Movements ...... 10 0 0 
Physical Aspect of the Moon 11 8 5 
Vitality of Seeds _.........ss50s. TOR Ld 
Map of the World............... 15 0 0 
Ethnological Queries ......... 5 0 0 
Dredging near Belfast ......... tec Ou) 

£480 16 4 
1856. 
Maintaining the Establish- 

ment at Kew Observa- 

tory :— 

WSO 4 is estene £75 0 0 * 
1855...4,....£600 0 0} oT ae 


GRANTS OF MONEY. 


£8, a. 
Stricklahd’s Ornithological 

RYHONYIOS! .. 6s. .cccsceresccccse 100 0 0 
Dredging and Dredging 

HUOUIMStaseecevsccosscnssccedvessse 913 9 
Chemical Action of Light ... 20 0 0 
Strength of Iron Plates ...... 10 0 0 
Registration of Periodical 

PHENOMENA Actcessedeeescsts 10 0 0 
Propagation of Salmon......... 10 0 0 

£734 13 9 
1857. 
Maintaining the Establish- 

ment at Kew Observatory 350 0 0 
Earthquake Wave Experi- 

SELGIEUS) dgcogasBecagenscocudaassee 40 0 0 
Dredging near Belfast......... 10 0 0 
Dredging on the West Coast 

Of Scotland +: .220s.es:2c0cscecse 10 0 0 
Investigations into the Mol- 

lusca of California ......... 10 0 0 
Experiments on Flax ......... 5 0 0 
Natural History of Mada- 

ABCA wtcsiNecsecs sss raeeeene de 20 0 0 
Researches on British Anne- 

MU rscccddsetswiscccdssctedsseas 25-0 0 
Report on Natural Products 

imported into Liverpool... 10 0 0 
Artificial Propagation of Sal- 

LOL) ceseeeaidahssadenongcincoedenac 10 0 O 
Temperature of Mines......... ¢ &..0 
Thermometers for Subterra- 

nean Observations............ 5 7 4 
HEIRG-DOATS cscescarrenccessccceess 5 0 0 

£507 15 4 
18658, 
Maintaining the Establish- 

ment at Kew Observatory 500 0 0 
Earthquake Wave Experi- 

BHONUS .ccisscoscctesssceveveaseees 25 0 0 
Dredging on the West Coast 

GE SCOMANG cocsescassnccsrsds evs 10 0 0 
Dredging near Dublin......... 5 0 0 
Vitality of Seed ............008 5 5 O 
Dredging near Belfast......... 1813 2 
Report on the British Anne- 

WAC Re ctet ae eee bvaenesocizas .ceeastes 25 0 0 
Experiments on the produc- 

tion of Heat by Motion in 

SUITE OR Ae oceore eee Bee eee 20 0 0 
Report on the Natural Pro- 

ducts imported into Scot- 

NaC recesescuee suavecbasaldssases 10 0 0 

£618 18 2 
1859, 


Maintaining the Establish- 
ment at Kew Observatory 500 0 0 
Dredging near Dublin,,....... 15 0 0 


ic) 
me 


Bi. di 
Osteology of Birds ..........5. 50 0 0 
Trish’ Tumicata itveic.scdises ane 56 0.0 
Manure Experiments ......... 20 0 0 
British Medusidee ............006 5 0 0 
Dredging Committee ......... 5 0 0 
Steam-vessels’ Performance... 5 0 O 
Marine Fauna of South and 
West of Ireland............... 10 0 0 
Photographic Chemistty ...... 10 0 0 
Lanarkshire Fossils ............ 20.0.1 
Balloon Ascents.......esseeceeees 39 11 0 
£684 11 1 
1860. 
Maintaining the Establish- 
ment at Kew Observatory 500 0 0 
Dredging near Belfast......... 16 6 O 
Dredging in Dublin Bay...... 15 0 0 
Inquiry into the Performance 
of Steam-vessels ............ 124 0 0 
Explorations in the Yellow 
Sandstone of Dura Den ... 20 0 0 
Chemico-mechanical Analysis 
of Rocks and Minerals...... 25 0 0 
Researches on the Growth of 
Plants ys <iseadisssscisveceibiese 10 0 0 
Researches on the Solubility 
GLE SALUS ees scesedstnremevecnaen 30 0 O 
Researches on theConstituents 
OF M@nures ©. ..vescossevacces’ 25 0 0 
Balance of Captive Balloon 
ACCOUN Are risnsseseausseasaceens 113 6 
£766 19 6 


1861, 
Maintaining the Establish- 
ment at Kew Observatory.. 500 


Earthquake Experiments...... 25 
Dredging North and Kast 
Coasts of Scotland ......... 23 
Dredging Committee :— 
1860...... £50 0 0 72 
ASG esa £22 0 0 
Excavations at Dura Den...... 20 
Solubility of Salts ............ 20 
Steam-vessel Performance ... 150 
Fossils of Lesmahagow ...... 15 
Explorations at Uriconium... 20 
Chemical Alloys ......sssscee0+ 20 
Classified Index to the Trans- 
ACtIONS......-.sceeeee palatal ais 100 
Dredging in the Mersey and 
EO Reieencer teens tonohandacas seas’ 5 
DAP CINCLO Teco cccennspasiaceancons 30 
Photoheliographic Observa- 
HONS hecssa.shonsaeunenapsisacont 50 
Prison, Dieb.......s.ss00ss00 mest) 120 
Gauging of Water...........06 sa LO 
Alpine Ascents ....... eneosseceny, 6 
Constituents of Manures...... 25 
£1111 


oo 
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cli 
1862. 


Maintaining the Establish- 
ment at Kew Observatory 
Patent Laws 
Mollusca of N.-W. of America 
Natural History by Mercantile 

Marine 
Tidal Observations 
Photoheliometer at Kew 
Photographic Pictures of the 

Sun 
Rocks of Donegal 
Dredging Durham and North- 

umberland Coasts 
Connection of Storms 
Dredging North-east 

of Scotland 
Ravages of Teredo 
Standards of Electrical Re- 

sistance 
Railway Accidents 
Balloon Committee 
Dredging Dublin Bay 
Dredging the Mersey 
Prison Diet 
Gauging of Water 
Steamships’ Performance...... 
Thermo-electric Currents 


Preereeeert ieee 
teen eneenee 


seneee 


eee em eee eee ere ree neeeeeeeee 
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21 
10 
5 


25 
40 


£1293.16 6 | 
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1863. 
Maintaining the Establish- 
ment at Kew Observatory... 
Balloon Committee deficiency 
Balloon Ascents (other ex- 
penses) 
Entozoa 
Coal Fossils 
ELOUNINGS Sacnaveevcostepicaresteeaet 
Granites of Donegal............ 
Prison: Diet )ccsctie maaeeseets 
Vertical Atmospheric Move- 
THONG siccse crasseqst's setae 
Dredging Shetland ............ 
Dredging North-east Coast of 
COt land st.) eeensenece cee 
Dredging Northumberland 
and Wurham ..-sceessc cen ome 
Dredging Committee Superin- 
LETCENCE “scancceseeeneces eee 
Steamship Performance 
Balloon Committee ............ 
Carbon under pressure 
Volcanic Temperature ......... 
Bromide of Ammonium ...... 
Electrical Standards............ 
Electrical Construction and 
Distribution .....502..0.6.0... 
Luminous Meteors ............ 
Kew Additional Buildings for 
Photoheliograph 


eee eee eee errr 


BONO meee rem ee nt eteene 


teers 


600 
70 


25 
25 
20 
20 
5 
20 


13 
50 
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GENERAL STATEMENT, 


£ 3s. d. 
Thermo-electricity .........0+. 15 0 0 
Analysis of Rocks ............ Sia O 
Hy roid ats rseceutenaee pes s= se acnees 10 0 0 
| £1608 3 10 
1864. 
_ Maintaining the Establish- 

ment at Kew Observatory.. 600 0 0 

MOSPEHGSSIIS” sceccsccue-senscnedus 20 0 0 
| Vertical Atmospheric Move- 
| MENS ......cccceesossenceoereees 20 0 0 
| Dredging, Shetland ............ dpe a) 
| Dredging, Northumberland... 25 0 0 

Balloon Committee ............ 200 0 0 
| Carbon under pressure ...... 10 0 0 
| Standards of Electric Re- 

SIBCAMICE (cos .cae Pasabeceteeuene 100 0 0 
Analysis of Rocks ............ 10 0 0 
(LydTo1da ...sccstsssencsvcesdues 10 0 0 

| Askham’s Gift) .csce.csceedecsene 50 0 0 
| Nitrite of Amyle ............... EOO< .'O 
Nomenclature Committee ... 5 0 9 
HAIN- SAUL ES fencst sankey os aegsicse 1915 8 
| Cast-iron Investigation ...... 20.0 0 

Tidal Observations in the 
HQ) JHgINAREY So wectespsscses sac >acne 50 0 O 
| Spectral! Rays. cbucsss deeessiacps. 45 0 0 
| Luminous Meteors ..........++ 20 0 0 
£1289 15 8 

1865. 


Maintaining the Establish- 


| ment at Kew Observatory.. 600 
| Balloon Committee ............ 100 
HIGGTOW A wan. sve vensasraseessqreers 13 
| RaIN-GaUeES: .....0ccesecceceseses 30 
Tidal Observations in the 
Humber sees ste iaee~ teehee 6 
| Hexylic Compounds ............ 20 
| Amyl Compounds .........-...+4 20 
PERISH NRO IA lencasamcnaees ces reaeue 25 
American Mollusca .........60 3 
| @rganie! AcidS., ...,..sede<anundaeell 20 
| Lingula Flags Excavation ... 10 
| Murypterus,.........nqaca2s- idee 50 
| Electrical Standards............ 100 
Malta Caves Researches ...... 30 
Oyster Breeding. .............00. 25 
| Gibraltar Caves Researches... 150 
| Kent’s Hole Excavations...... 100 
| Moon’s Surface Observations 35 
Marine Fauna) ...ici21.:2..s000e 25 
| Dredging Aberdeenshire...... 25 
| Dredging Channel Islands ... 50 
| Zoological Nomenclature...... 5 
| Resistance of Floating Bodies 
|, dn Water....sscssuncets-+sunsees 100 
| Bath Waters Analysis ......... 8 
Luminous Meteors ...... devo 


0 0 
0 0 
0 0 
0 0 
8 0 
OX: 0 
0 0 
0 0 
9 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 x0 
10 10 
OxhO 


£1591 7 10 


GRANTS OF MONEY, 


1866. 
; 8. 
Maintaining the Establish- 

ment at Kew Observatory.. 600 0 
Lunar Committee ............... 64 13 
Balloon Committee ............ 50 0 
Metrical Committee............ 50 0 
British Rainfall .... ............ 50 0 
Kilkenny Coal Fields ......... 16 0 
Alum Bay Fossil Leaf-ted... 15 0 
Luminous Meteors ....., -...+ 50 0 
Lingula Flags Excavation ... 20 0 
Chemical Constitution of 

Cast Iron ...... erecta ans 50 .0 
Amyl Compounds ........ conden Se Exel, 
Electrical Standards............ 100 0 
Malta Caves Exploration...... 30 0 
Kent’s Hole Exploration ...... 200 0 
Marine Fauna, &c., Devon 

and Cornwall...:........... 25 0 
DredgingAberdeenshireCoast 25 0 
Dredging Hebrides Coast 50 0 
Dredging the Mersey ......... ba) 
Resistance of Floating Bodies 

EMV RLEI ee scoters dense ssyes cane 50 0 
Polycyanides of Organic Radi- 

ENS Ae eee 29 0 
BRIER MUOULIS we ccc<ccsaeinscesds nee 10 0 
Irish Annelida’’:.’............0 hee 
Catalogue of Crania............ 50 0 
Didine Birds of Mascarene 

WRI AMOS isa sara svoies sessasqerass 50 0 
Typical Crania Researches 30 0 
Palestine Exploration Fund... 100 0 

£1750 13 


1867. 
Maintaining the LEstablish- 
ment at Kew Observatory 600 
Meteorological Instruments, 


AE STING sca Js0s swdetisevesesnce 50 
Lunar Committee ............... 120 
Metrica] Committee............ 30 
Kent’s Hole Explorations 100 
Palestine Explorations......... 50 
Insect Fauna, Palestine ...... 30 
British Rainfall......... exsdagras 50 
Kilkenny Coal Fields ......... 25 


Alum Bay Fossil Leaf-bed... 25 
Luminous Meteors .......... & 
Bournemouth, &c., Leaf-beds 
Dredging Shetland ............ 
Steamship Reports Condensa- 


OTUSS, cssic cc vehi: cue sapseteaas 100 
Electrical Standards............ 100 
Ethyl and Methyl Series...... 25 
Fossil Crustacea........ soartices 25 
Sound under Water ..........55 24 
North Greenland Fauna ...... 75 

Do. Plant Beds. 100 

Tron and Steel Manufacture.... 25 
Patent Laws ,...... Nena ccsenceus 30 
£1739 


mioccoomoocoso ococoocoocoeceoeco So 
| ’ 


1868. 
£ 
Maintaining the Hstablish- 


ment at Kew Observatory... 600 O 0 
Lunar Committee ............... 120 0 O 
Metrical Committee ............ 50 0 0 
Zoological Record............... 100 0 0 
Kent’s Hole Explorations...... 150 0 O 
Steamship Performances ...... 100 O 0 
British AMPA. «codeine siscieoe 50 0 O 
Luminous Meteors ..........0+ 50" OF 0 
Organic ACIdS.. .2.éeReag- 20.0000 60 0 O 
Fossil Crustacea .......0.....5. 25 0 0 
Metin WIUNGniGS can ccsecsayessacesne 25°0 0 
Mexcury.an@ Bile. cscs: ecncs 25 0 0 
Organic Remains in Lime- 

SEQMG, OCKS so. mesos aay cas ese 2p, 0) 
Scottish Earthquakes ......... ZOO» “OC 
Fauna, Devon and Cornwall... 30 0 O 
British Fossil Carols............ 50 ¢ O 
Bagshot Leaf-beds ............ 50 0 O 
Greenland Explorations ...... 100 0 O 
HGSshl Ona ens. eaantlten atesenace 7.1 ee | abe 
Tidal Observations ............ 100 0 O 
Underground Temperature... 50 0 0 
Spectroscopic Investigations 

of Animal Substances ...... DO 0 
Secondary Reptiles, &c. ...... 30 0 0 
British Marine Invertebrate 

HEA e oa ceshoisesreea resets 100 0 0 

£1940 0 O 
1869, 
Maintaining the Establish- 

ment at Kew Observatory.. 600 0 0 
Lunar Committee ............0.. 50 0 0 
Metrical Committee........... 2 0 
Zoological Record............... 100 0 O 
Committee on Gases in Deep- 

WELL WaLCT so ccascacessnss coupe pe e2pe OO 
British Rainfall... ....:.-<t:...0. 50 0 0 
Thermal Conductivity of Iron, 

IOGR (sesunceee intese ncaa “0 echte 30 0 0 
Kent’s Hole Explorations...... 150 0 0 
Steamship Performance s...... 30 0 OU 

| Chemical Constitution of 

CaSCORODT 6. .<ccsenceswese cheese 80 0 0 
Tron and Steel Manufacture... 100 0 0 
Methyl Series? ..<<scescesessezes 30 0 O 
Organic Remains in Lime- 

stone Rocks ...........06066 eee ORO) 0 

| Earthquakes in Scotland ...... 10 0 0 
British Fossil Corals............ 50 0 0 
Bagshot Leaf-beds ............ 30 0 0 
Hossil Morale. oc....stussste dense 25 0 0 
Tidal Observations ............ 100 0 0 
Underground Temperature... 30 0 0 
Spectroscopic Investigations 

of Animal Substances ...... 5 0 O 
OrganievAcids.....:...davadneeate 12.0 0 
Kiltorcan Fossils ....,......... 20 0 0 


GENERAL STATEMENT, 


£ s. d. 


Chemical Constitution and 
Physiological Action Rela- 
tions 

Mountain Limestone Fossils 25 

Utilisation of Sewage 10 

Products of Digestion ......... 10 


15 
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1870. 
Maintaining the Establish- 
ment at Kew Observatory 


Metrical Committee............ 25 
Zoological Record..........0+++. 100 
Committee on Marine Fauna 20 
HMaTS in FISHES svccsscacesocessss 10 


Chemical Nature of Cast 
Ihe yaVE SSSascc aeepoeenconee -Necndnn 80 
Luminous Meteors..........s0+6+ 30 
Heat in the Blood........csse0e 15 
British Rainfall.............0.+++ 100 
Thermal Conductivity of 
ROU WCC lay eimaaciel dansais'eta 20 
British Fossil Corals ......... 50 
Kent’s Hole Explorations 150 
Scottish Earthquakes ......... 4 
Bagshot Leaf-beds ............ 15 
HOSS GHOLA Ciecccsteeccecoosssece 25 
Tidal Observations .........06 100 
Underground Temperature... 50 


Kiltorcan Quarries Fossils ... 
Mountain Limestone Fossils 25 


Utilisation of Sewage ......... 50 
Organic ChemicalCompounds 30 
Onny River Sediment ......... 3 
Mechanical Equivalent of 


Heat 
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1871. 
Maintaining the Establish- 


ment at Kew Observatory 600 
Monthly Reports of Progress 
in Chemistry ....... caeseneneee 100 
Metrical Committee ............ 25 
Zoological Record............... 100 
Thermal Equivalents of the 
Oxides of Chlorine ......... 10 
Tidal Observation............... 100 
(OSHIL MOY << seessmersecctetceee 25 
Luminous Meteors............... 30 
British Fossil Corals............ 25 
Heat in the Blood............... 7 
British Rainfall.................. 50 
Kent’s Hole Explorations 150 
Fossil Crustacea ..,.. mameetae is 25 
‘Methyl Compounds .....,...... 25 
Lunar Objects ....seccscsrcreere 20 
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£38. a. 
Fossil Coral Sections, for 

Photographing .......... oo soeumcOut Ory \O 
Bagshot Leaf-beds .......0..+- 20 0 0 
Moab Explorations ...........- 100 0 O 
Gaussian Constants ......0.000. 40 0 O 

£1472 2 6 
1872. 

Maintaining the Establish- 
ment at Kew Observatory 300 0 0 
| Metrical Committee ............ 75 0 0 
Zoological Record ........+.+000+ 100 0 O 
Tidal Committee .........ses00 200 0 0 
Carboniferous Corals ......... 25 0 0 
Organic Chemical Compounds 25 0 0 
Exploration of Moab ......... 100 0 0 

Terato-embryological Inqui- 

BLO) pemivns et steceaneseriesis eiateeite 10 0 0 
Kent’s Cavern Exploration... 100 0 0 
Luminous Meteors ........+4.. 20 0 0 
Heat in the Blood.....,.....+0 1520" 0 
Fossil Crustacea ........sss000+ Apa OTe 
Fossil Elephants of Malta ... 25 0 0 
Lunar Objects: s.-:-cssessomssus 20 0 0, 
Inverse Wave-lengths ......... 20 0 0 
British Rainfall..............0.+. 100 0 0 
Poisonous Substances Anta- 

COMISMNS  nacs ces fecccsoespaddens 10-0, 0 
Essential Oils, Chemical Con- 

ShiiUbLON, CC. evcweeees eaecevaes 40 0 0 
Mathematical Tables ......... 50 0 O 
Thermal Conductivity of Me- 

[2 edeRcrippaesonsoonond Sos Cegonee 25 0 0 

£1285 0 0 

1873. 

Zoological Record..........+060 100 0 0 
Chemistry Record............... 200 0 O 
Tidal Committee ..............6 400 0 0 
Sewage Committee ............ 100 0 0 
Kent’s Cavern Exploration... 150 0 0 
Carboniferous Corals ..... ... 25 0 0 
Fossil Elephants ............. ee, aD ONO 
Wave-lengths.......... podecoucn. 150 0 0 
British Rainfall...............006 100 0 0 
Essential Oils............+seeeeees 30 0 0 
Mathematical Tables ......... 100 0 0 
Gaussian Constants ............ 10 0 0 
Sub-Wealden Explorations... 25 0 0 
Underground Temperature... 150 0 0 
Settle Cave Exploration ...... 50 0 0 
Fossil Flora, Ireland............ 20 0 0 
Timber Denudation and Rain- 

Pelle doccesvusavserepeaetsranpies 20 0 0 
Luminous Meteors...........+0+ 30 0 0 

£1685 0 0 
eee 


GRANTS OF MONEY. CV 

. 1874, £ 8. d. 

£ 8. d. | Tsomeric Oresols ......ss000e veae LOMO O 
Zoological Record 0 0 | Action of Ethyl Bromobuty- 
Chemistry Record 0 0 rate on Ethyl Sodaceto- 

Mathematical Tables ......... 100 0 0 MACOLALC cent cpsoueiiecss seats cnesra 5 0 0 
Elliptic Functions............0+ 100 0 0 | Estimation of Potash and 

Lightning Conductors......... 10 0 O Phosphoric Acid..........+0++ 13 0 0 

Thermal Conductivity of Exploration of Victoria Cave 100 0 0 

OS ect et ccs tive da gneeseveevs 10 0 O | Geological Record............+++ 100 0 0 
Anthropological Instructions 50 0 0 | Kent’s Cavern Exploration... 100 0 0 
Kent’s Cavern Exploration... 150 0 0 | Thermal Conductivities of 
Luminous Meteors ..........+. 30 0 0 RG CK? ve cervacwensccsasatnneaeals« 10 0 0 
Intestinal Secretions ......... 15 0 OQ | Underground Waters ......... 1070-0 
British Rainfall...........sce000 100 0 OQ | Earthquakes in Scotland...... 110 0 
Essential Oils..........cscseeeveee 10 0 0 | Zoological Record..........0... 100 0 0 
Sub-Wealden Explorations... 25 0 0 | Close Time .......cissseseeeeees BOLE 

- Settle Cave Exploration ...... 50 0 0 | Physiological Action of 

_ Mauritius Meteorology ...... 100 0 O SOWIE corncucasane ccasona rodeo 25 0 O 
Magnetisation of Iron ......... 20 0 0 | Naples Zoological Station ... 75 0 0 
Marine Organisms.............+. 30 0 © | Intestinal Secretions ........, 15 0 0 
Fossils, North-West of Scot- Physical Characters of Inha- 

TESTA oe OC ASSRE RECO DOCEEEO-E OD 210 0 bitants of British Isles...... 13) Loe 
Physiological Action of Light _20 0 0 | Measuring Speed of Ships... 10 0 0 
Hrades UMiODS. ..c.cescssessesves 25 0 0 | Effect of Propeller on turning 

_ Mountain Limestone Corals 25 0 0 of Steam-vessels .........++ 50.0 
Hrratic Blocks .......scsesseeene 10 0 0 £1092 4 2 
Dredging, Durham and York- = 

Shire CoastS ...seccsecseseeees 28 5 0 

High Temperature of Bodies 30°0 0|_. _ 1877. 
Siemens’s Pyrometer ......... 3 6 © | Liquid Carbonic Acid in 
Labyrinthodonts of Coal- INGEN al Srrocc ance decredetstecsres 20 0 
MEASUTES...00ssssssscseesesneees ft, SO edie ate! saceestaaie 250 0 
a aT ermal Conductivity of 
£1151 16 0 | Rocks veccssseseesseseees Tigi 911 
1875. oe Recordhesmecnieees 100 
Te er : ent’s CAVEIN ..ssssseeseeeeeees 100 
Bee cantion of rae Soe . Zoological Station at Naples 75 
British Rainfall ..........0.0000. 120 Tumincas Mousateia liars s 30 
SP aminous Meteors... 30 Elasticity of Wires .......0.44 - 100 
Chemistry Record.........:..06 100 DEB LEE OE Der A Be POri ees rae 220 
Specific Volume of Liquids... 25 or rg Map mth prs 
artettion of Potash. and He Atacncedecstronaiceotvastettude 35 

Phosphoric Acid.............6 10 Double Compounds of Cobalt 
Smiiaic Cresols .\........ 20 and. Niekel stas devst.nosesta seh 
Sub- Wealden Explorations... 100 Uae reetund Temperavurele., 

Kent’s Cavern Exploration... 100 Settle Cave Exploration ...... 
Settle Cave Exploration ...... 50 Underground Waters in New 
Earthquakes in Scotland...... 15 Red Sandstone ........+..+... 
Underground Waters ......... 10 Action of Ethyl Bromobuty- 
Development of Myxinoid rate on Ethyl Sodaceto- 
la Rea 20 Se Ea Meiptetin sedseewsresnssast “ 
Zoological Record............+6 100 British Earthworks ..........+. 
Instructions for Travellers... 20 Atmospheric Electricity in 
Intestinal Secretions ©......... 20 ulna cae yse ses Pea iar aes 
Palestine Exploration ......... 100 ae of Light from 
£960 0 0 | Estimation of Potash and 
1876. . ES a Reecdadeerte-s 118 

ae ; € eological Record............. - 100 0 
ee comaties! Tables aa . F Anthropometric Committee 34 0 
ee orm sige four Aston hh: 

Tide Calculating Machine ... 200 0 0 Phoric ACiA, KC....ieseeseene gah EOL 
Specific Volume of Liquids... 25 0 0 £1128 9 7 
: 
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evi GENERAL STATEMENT, 


1878. ae ea 
£ ss. d. | Specific Inductive Capacity 

Exploration. of Settle Caves... 100 0 0 | _ of Sprengel Vacuum......... 40 0 0 
Geological Record............... 100 0 0 | Tables of Sun-heat Co- 

Investigation of Pulse Pheno- GMIGIEMUS . s.cs.0++<eeseeeer oon 30 0 0 
mena by means of Siphon Datum Level of the Ordnance 

Recorder teccgottsecteceees 10 0 0 SUIVEY ..eeesseseeseessensssencens 10 0 0 
Zoological Station at Naples 75 0 0 | Tables of Fundamental In- 
Investigation of Underground variants of Algebraic Forms 36 14 9 

Waters ciact.-.-c-oesecter ace 15 0 0 | Atmospheric Electricity Ob- 
Transmission of Electrical servations in Madeira ...... 15) = O.4@ 

Impulses through Nerve Instrument for Detecting 

SULMCHHTC: carastascnecesen sien 30 0 0 Fire-damp in Mines ......... 22.0 0 
Calculation of Factor Table “Instruments for Measuring 

for Fourth Million ......... 100 0 0| the Speed of Ships ......... 7 1 8 
Anthropometric Committee... 66 0 0 | Tidal Observations in the ; 
Composition and Structure of English Channel .......0.... 10 0 O 

less-known Alkaloids ...., ses T enn (O £1080 11 lL 
Exploration of Kent’s Cavern 50 0 0 i ae 
Zoological Record ............+6. 100 0 0 
Fermanagh Caves Explora- 

LOT Waenesstciscees scans es terres 15 0 0 
Thermal Conductivity of 1880. 

ROCKS: coctec-corscscosccuseeceaee 416 6 : ; 

Luminous IMGLGOVSti.s-cseecyers 10 0 0 ae a besa pret 10 0 0 

Ancient Earthworks ............ 25 0 0 Underground Temperature... 10 0 0 
oF Determination of the Me- 
cls ai é chanical Equivalent of 

HIGStgcbcacowectouenennecemer ttt 8 a850 

Elasticity of Wires ............ 50 0 0 

Luminous Meteors ............. 30 0 0 

1879, Lunar Disturbance of Gravity 30 0 0 

Table at the Zoological Fundamental Invariants ...... 8 5 0 

Station, Naples ............... 0 © | Laws of Water Friction ...... 20 0 0 
Miocene Flora of the Basalt Specific Inductive Capacity 

of the North of Ireland 0 0 of Sprengel Vacuum......... 20 0 0 
Illustrations for a Monograph Completion of Tables of Sun- 

on the Mammoth ............ OO heat Coefficients ............ 50 0 0 
Record of Zoological Litera- Instrument for Detection of 

DULCE 5 << aatonndeededsccas teenies 0 0 Fire-damp in Mines......... 10 0 0 
Composition and Structure of Inductive Capacity of Crystals 

less-known Alkaloids ...... 0 0 and Paraffines ............... 417-7 
Exploration of Caves in Report on Carboniferous 

Borneo .....ttuedcsiva sens 0 0 POLYZOa xcccen.cosewown te Seeeee 10 0 0 
Kent’s Cavern Exploration ... 0 © | Caves of South Ireland ...... 10 0 0 
Record of the Progress of Viviparous Nature of Ichthyo- 

GeEOlORY oo.) o5.7-5 ee eee Os 0 SRULUS \. wiowss eecnteteeeaes 10 0 0 
Fermanagh Caves Exploration 0 0 | Kent’s Cavern Exploration... 50 0 0 
Electrolysis of Metallic Solu- Geological Record............... 100 0 O 

tions and Solutions of Miocene Flora of the Basalt 

Compound Salts............... O40 of North Ireland ............ 15 0 0 
Anthropometric Committee... 0 0 | Underground Waters of Per- 

Natural History of Socotra... 00 mian Formations .,.......... 5 0 0 
Calculation of Factor Tables Record of Zoological Litera- 

for 5th and 6th Millions .., 0 0 BUTCVEN, seviocmacenn ceceventey epee 100 0 0 
Underground Waters............ 0 © | Table at Zoological Station 
Steering of Screw Steamers... 0 0 at’ Naples sthteehccatepiteceeee 7 0 0 
Improvements in Astrono- Investigation of the Geology 

mHCALAC locks pgessaect.t abet 0 0 and Zoology of Mexico...... 50 0 0 
Marine Zoology of South Anthropometry. .......s.00scesess 50 0 0 

TEES Scener eee eee ae ee 0 0 | Patent Laws ........sc10:s0s000» 5 0 0 
Determination of Mechanical 

Equivalent of Heat ......... 1215 6 LIB MA 


# 
re 
1881. 
Lunar Disturbance of Gravity 30 
Underground Temperature... 20 
Electrical Standards............ 25 
High Insulation Key............ 5 
Tidal Observations ...........+ 10 
Specific Refractions ............ 7 
Fossil Polyz0a  .......seseecseees 10 
Underground Waters ......... 10 
Earthquakes in Japan ......... 25 
Tertiary Flora ..........-s--se0s » 20 
Scottish Zoological Station ... 50 
Naples Zoological Station ... 75 
_ Natural History of Socotra... 50 
Anthropological Notes and 
} MMETICS: Peecscsccsccstssssstecacs 9 
_ Zoological Record.............+- 100 
Weights and Heights of 
Human Beings .....6....++++. 30 
£476 
1882. 


Exploration of Central Africa 100 
Fundamental Invariants of 


Algebraical Forms ....,.... 76 
Standards for Electrical 
Measurements ...........066+ 100 
_ Calibration of Mercurial Ther- 
——__ MOMELETS ...eseeeeeeeeeeees 20 
Wave-length Tables of Spec- 
tra of Elements............... 50 
Photographing Ultra-violet 
Spark Spectra ...........00 26 
Geological Record........+....+. 100 
Earthquake Phenomena of 
F APA o0 owe ce ceverduccuwewe ose eee 25 
. Conversion of Sedimentary 
Materials into Metamorphic 
MEIC 27,242. .Secsestuabbee.e 10 
_ Fossil Plants of Halifax ...... 15 
_ Geological Map of Europe ... 25 
Circulation of Underground 
MWY ALIENS. .53c5s51ss-.cocsccscescees 15 
Tertiary Flora of North of 
BEGIADG  Ys.sasiisesesteeseccerse 20 
British Polyzoa ..........esees0s 10 
Exploration of Caves of South 
Pe ITELANG Fei ic adedenacecct se 10 
Explorationof Raygill Fissure 20 
Naples Zoological Station ... 80 
‘Albuminoid Substances of 
BMMRIGTUM cose. 21ccreveddatoctebenc 10 
Elimination of Nitrogen by 
Bodily Exercise............... 50 
Migration of Birds ............ 15 


Natural History of Socotra... 100 
‘Natural History of Timor-laut 100 
Record of Zoological Litera- 


: BAsithropornewic Committee... 50 


3 0 £1126 
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. GRANTS OF MONEY. 


1883. 
£ 
Meteorological Observations 
on Ben NevViS.........sseeeeees 50 
Isomeric Naphthalene Deri- 
PAVE Nav ewesacadaues coe icaenuades 15 
Earthquake Phenomena of 
PAPAD Gn aseusnessancascncncescaies 50 
Fossil Plants of Halifax...... 20 
British Fossil Polyzoa ......... 10 
Fossil Phyllopoda of Palzo- 
ZOIC ROCKS ..ncessencereucsssese 25° 
Erosion of Sea-coast of Eng- 
land and Wales .............++ 10 
Circulation of Underground 
WAGES sennenteeraesi scares sce-ias 15 
Geological Record..........+.++« 50 
Exploration of Caves in‘South 
GUpTelAR Geass aver -eanccns-n0ns 10 
Zoological Literature Record 100 
Migration of Birds ............ 20 


Zoological Station at Naples 80 
Scottish Zoological Station... 25 
Elimination of Nitrogen by 


Bodily Exercise.............0 38 

Exploration of Mount Kili- 
TNA=DJALO....Z.cccccevacnseenae . 500 

Investigation of Loughton 
MCATIT gees soars semen eae 10 
Natural History of Timor-laut 50 
Screw Gauges.........ceeeere seen ayo 
£1083 

1884. 

Meteorological Observations 
on. Bert Nevis) .. .tessssedtscn- 0 50 

Collecting and Investigating 
Meteoric Dust....,......sse0s0e 20 

Meteorological Observatory at 
WHEPSHO Wo. eacuansecsscecces se 25 
Tidal Observations............... 10 


Ultra Violet Spark Spectra... 8 
Earthquake Phenomena of 


Maa Neecotn Se nacssasenestcerecet 75 
Fossil Plants of Halifax ...... 15 
Fossil Poly Z0aiccccc.enesescvseons 10 


Erratic Blocks of England ... 10 
Fossil Phyllopoda of Palzo- 


ZOLCH ROCKS Peeaee aecetedese ante 15 
Circulation of Underground 
IW abetcnwaresaassn dere csecceent te 5 


International Geological Map 20 
Bibliography of Groups of 
Invertebrata .......0...cesce0 50 
Natura] History of Timor-laut 50 
Naples Zoological Station ... 80 
Exploration of Mount Kili- 


ma-njaro, Hast Africa ...... 500 
Migration of Birds............... 20 
Coagulation of Blood............ 100 


Zoological Literature Record 100 
Anthrorometric Committee... 10 
£ 1173 4 ( 
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1885. 
£ 
Synoptic Chart of Indian 

OCCaD i. asncceurete arse meceears: = 50 
Reduction of Tidal Observa- 

GIONS 335 cies petepasat oe sceneeee eens 10 
Calculating Tables in Theory 

Ot Numbersss.csscnsateasneseess 100 
Meteorological Observations 

On. Ben UNCVis ie. sesesaseeces «- 5O 
MeteoricsDUstciesessressesedencs 70 
Vapour Pressures, &c., of Salt 

SOLUMONG are ceseatsraeseseendiase 25 
Physical Constants of Solu- 

WOUS sig avsaue ses cesstaswe ronan sess 20 
Volcanic Phenomena of Vesu- 

WILLIS Ls satan site ve cicatnan ys aaeee 25 
Raygill Fissure ..............000 15 
Earthquake Phenomena of 

PAPAIN wise sce svcesee «cana Wegeeeeues 70 
Fossil Phyllopoda of Paleozoic 

ROCKS, scspetstanstaatWaaena cians 25 
Fossil Plants of British Ter- 

tiary and Secondary Beds... 50 
Geological Record ...........++0+ 50 
Circulation of Underground 

Waters nist pacers ecscas tec ces 10 
Naples Zoological Station 100 
Zoological Literature Record. 100 
Migration of Birds ............ 30 
Exploration of Mount Kilima- 

TU ATGMU AN sakes scutes ccheeesene 25 
HRECEMG POLY ZO: 2..ckescyecdsese co 10 
Granton Biological Station ... 100 
Biological Stations on Coasts 

of United Kingdom ......... 150 


Exploration of New Guinea... 200 
Exploration of Mount Roraima 100 


£1385 
1886. 

Electrical Standards............ 40 0 
Solar Radiation............s.000. 9 10 
Tidal Observations ............ 50 O 
Magnetic Observations......... 10 10 
Observations on Ben Nevis... 100 0 
Physical and Chemical Bear- 

ings of Electrolysis ......... 20 0 
Chemical Nomenclature ...... 5 0 
Fossil Plants of British Ter- 

tiary and Secondary Beds... 20 0 
Caves in North Wales ......... 25 0 
Volcanic Phenomena of Vesu- 

VITUS lev aa Siete doves sceenekee. ox 30 0 
Geological Record............... 100 0 
Palzozoic Phyllopoda ......... 15 0 
Zoological Literature Record. 100 0 
Granton Biological Station... 75 0 
Naples Zoological Station...... 50 0 
Researches in Food-Fishes and 

Invertebrata at St. Andrews 75 0 
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GENERAL STATEMENT, 


£ 8. a. 
Migration of Birds ......6s00 30 0 0 
ph Secretion of Urine............. “3 SDSS Oe 
Exploration of New Guinea... 150 0 0 
Regulation of Wages under 
Sliding Scales. .........cse00s 10 0 0 
Prehistoric Race in Greek 
Talands \0.ssccesswes cdedseneeaeep 20 0 0 
North-Western Tribes of Ca- 
MAGA ceescuscandsev’ teaons. Hee 50 0 O 
£995 0 6 
1887. 
Solar Radiation ....,..0....seess. 18 i0 0 
WeCHNOLY SiS: sa. cccecessscessss see 30 0 0 
Ben Nevis Observatory.....,... 75 0 0 
Standards of Light (1886 
feag:helr) ecb ee ere on ee 20 0 0 
Standards of Light (1887 
TAM) osncus ne etee masters soapetas 10 0 0 
Harmonic Analysis of Tidal 
Observations’: eertcc<cerss +> 15 0 0 
Magnetic Observations......... 26 2 0 
Electrical Standards ............ 50 0 0 
Silent Discharge of Electricity 20 0 0 
Absorption Spectra ............ 40 0 0 
Nature of Solution ............ 20 0 O 
Influence of Silicon on Steel 30 0 0 
Volcanic Phenomena of Vesu- 
WINS cc svoesoce eet es xaceente he «i « 20 0-0 
Volcanic Phenomena of Japan 
(1886 prant) hr racbtts os cteanie 50 0 0 
Volcanic Phenomena of Japan 
USSiieranh)) ceseessceecan ses 50 0 0 
Cae Gwyn Cave, N. Wales ... 20 0 0 
HrraticiBlOcCksS {.j..sscsecsesncess 10.0) 90 
Fossil Phyllopoda .............. 20 0 0 
Coal Plants of Halifax........ - 25 .0 0 
Microscopic Structure of the 
Rocks of Anglesey............ 10 0 0 
Exploration of the Eocene 
Beds of the Isleof Wight... 20 0 0 
Underground Waters ......... 5 0 0 
‘Manure’ Gravelsof Wexford 10 0 0 
Provincial Museums Reports 5 0 0 
Lymphatic System ............ 25 0 0 
Naples Biological Station 100 0 0 
Plymouth Biological Station 50 0 0 
Granton Biological Station... 75 0 0 
Zoological Record ..........06.65 100 0 0 
Hlora Of Ching uncvivecndeces soe 75 0 0 
Flora and Fauna of the 
CAaMETOONS \atcoavete es cavesoas WB 00 
Migration of Birds 30 0 0 
Bathy-hypsographical Map of 
British Islesiasoesds socaccsnaey 7 6 0 
Regulation of Wages ......... 10 0 0 
Prehistoric Race of Greek 
Islands...... Sas MeioRy si beyeened 2. 200; 0 
Racial Photographs, Egyptian 20 0 0 
£1186 18 0 


= 


1888. 

£ 8. 
Ben Nevis Observatory......... 150 0 
Hlectrical Standards............ 2 6 
Magnetic Observations......... 15 0 
Standards of Light ............ fo e2 
Mlectrolysis ..........seccecseees 30 0 
Uniform Nomenclature in 

Mechanics ...........0ccesese0e 10 0 

_ §ilent Discharge of Hlec- 

‘ BU Vaedec cswecicuiens @ascseesnaes 9 11 
Properties of Solutions ...... 25 0 
Influence of Silicon on Steel 20 0 
Methods of Teaching Chemis- 

I ee ans, Se 10 0 
Isomeric Naphthalene Deriva- 

DRE Wate cis caiteyaasclasisieinicinacaain 25 0 
Action of Light om Hydracids 20 0 
Sea Beach near Bridlington... 20 0 
Geological Record ...........+... 50 0 
Manure Gravels of Wexford... 10 0 
Erosion of Sea Coasts ......... 10 0 
Underground Waters ......... 5 0 
Palzontographical Society ... 50 0 
Pliocene Fauna of St. Erth.,. 50 0 
Carboniferous Flora of Lan- 

cashire and West Yorkshire 25 0 
Volcanic Phenomena of Vesu- 

UNIS pclae sadoesnomancae bach ss 20 0 
Zoology and Botany of West 

CDOTS Papeeee Gor COSC EP eae Ee 100 0 
Flora of Bahamas....... Bes hea 100 0 
Development of Fishes—St. 

PAH NOG WSiacciddee «oisleela scieleclecisads 50 0 
Marine Laboratory, Plymouth 100 0 
Migration of Birds ............ 30 0 

_ Flora of China ...........-.0000 75 0 

_ Naples Zoological Station ... 100 0 

_ Lymphatic System ............ 25 0 

Biological Station at Granton 50 0 

1 Peradeniya Botanical Station 50 0 
Development of Teleostei 15 0 
Depth of Frozen Soil in Polar 

7 USTOMIG) -AScqp pep pegpnc ta PeBCee 5 0 
Precious Metals in Circulation 20 0 
Value of Monetary Standard 10 0 

Effect of Occupations on Phy- 
sical Development............ 25 0 
North-Western ‘Tribes of 
EOL COS ROG COL SOAUEE 100 0 
Prehistoric Race in Greek 
Weoiea Wiigedsisvsecsceesses, LOMO 
£1511 0 
1889. 
n Nevis Observatory......... 50 0 O 
lectrical Standards............ 75 0 0 
MEPCUCOLYEIS. ....cavecscracaccsceees 20 0 0 
surface Water Temperature... 30 0 0 
ent Discharge of Electricity 
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C1X 
£ 8. ad. 
Methods of teaching Chemis- 

GV pach ecconsitaaeeusskocseasnns 10 0 O 
Action of Light on Hydracids 10 0 0 
Geological Record..........6000. 80 0 0 
Volcanic Phenomena of Japan 25 0 O 
Volcanic Phenomena of Vesu- 

WU ies watcce selanibas Weick felsic aaariee 20 0 0 
Paleozoic Phyllopoda ......... 20/040. 0 
Higher Eocene Beds of Isle of 

Waohititecscesesurndecdaeccsteauess Ties On, O 
West Indian Explorations ... 100 0 0 
Plora of China ........c:.ccoear 255.0, 0 
Naples Zoological Station ... 100 0 O 
Physiology of Lymphatic 

SOUS C LU Manta leapmtnica os cuenens 25 0 O 
Experiments with a Tow-net 516 3 
Natural History of Friendly 

SIAMGSt se saestescaeapasnqaseane se 100 0 0 
Geology and Geography of 

Atlas” Ranee® 15:3 2..inen teense 100 0 O 
Action of Waves and Currents 

in Estuaries ........scsecesees 100 0 0 
North-Western Tribes of 

Canadas e252. stiitees wet vcee 150 0 0 
Nomad Tribes of Asia Minor 30 0 0 
Corresponding Societies ...... 20 0 0 
Marine Biological Association 200 0 0 
‘ Baths Committee,’ Bath.. ... 100 0 0 

£1417 0 11 
1890. 
Electrical Standards............ 1217 0 
WIEGHOLYSISWN. «1 cveseetaennnen es 5 0 0 
Electro-optics.........ccpsceseeeee 50 0 0 
Mathematical Tables ......... 25 0 0 
Volcanic and Seismological 

Phenomena of Japan ..,.... 7). 40500 
Pellian Equation Tables ...... 15 0 0 
Properties of Solutions ...... 10 0 O 
International Standard forthe 

Analysis of Iron and Steel 10 0 0 
Influence of the Silent Dis- 

charge of Electricity on 

ORY ON ewes werhvns eb ae.c 5 0 0 
Methods ofteachingChemistry 10 0 0 
Recording Results of Water 

Analysis* 32a. rier aie das 0 
Oxidation of Hydracids in 

Sunlieht Wee <c seer eats 15 0 0 
Volcanic Phenomena of Vesu- 

MALU IRC Sh ic Rn AEE 20 0 0 
Paleozoic Phyllopoda ......... 10 0 0 
Circulation of Underground 

WADEDS tcc sctseeenls, vortiesad Be OW:0 
Excavations at Oldbury Hill 15 0 0 
Cretaceous Polyzoa ..........4. 10+ O10 
Geological Photographs ....., 7 1411 
Lias Beds of Northampton... 25 0 0 
Botanical Station at Perade- 

DV ais a wagaasaadusasvar eve aseateecs 25 0 0 


Cx 
£ 3. da, 
Experiments with a Tow- 

MEL? esc onsscesacersscuccesasccenne 43 9 
Naples Zoological Station ... 100 0 0 
Zoology and Botany of the 

West India Islands ......... 100 0 0 
Marine Biological Association 30 0 0 
Action of Waves and Currents 

in HEstuarieS ........cesceseees 15090%.0 
Graphic Methods in Mechani- 

Cal ScienCe........0c-cececeeses LUO EO 
Anthropometric Calculations 5 0 0 
Nomad Tribes of Asia Minor 25 0 0 
Corresponding Societies ...... 20 0 0 

£799 16 8 
1891. 
Ben Nevis Observatory......++. 50 0 0 
Blectrical Standards............ 100 0 O 
Hlectrolysis......s.eccceseeeerseene 5 0 0 
Seismological Phenomena of 

JAPAN 2. ...cceeseeereesscereesere 10, 0,0 
Temperatures of Lakes......... 20 0 0 
Photographs of Meteorological y 

PhenoMena........0erereeesesees By Oarad 
Discharge of Electricity from 

POMS acceeeev este dostesaeras 10 0 O 
Ultra Violet Rays of Solar 

Spectrum .......ceceenseeeere 50 0 0 
International Standard for 

Analysis of Iron and Steel... 10 0 0 
TIsomeric Naphthalene Deriva- 

LIVES cokes cecnsacevscacceteceiece tt 25 0 0 
Formation of Haloids ......... 25 0 0 
Action of Light on Dyes ...... 1710 0 
Geological Record...........++++ 100 0 0 
Volcanic Phenomena of Vesu- 

VII coteke cseecraceiidneamess AD oot 10 0 0 
Fossil Phyllopoda.............+ 10 0 0 
Photographs of Geological 

Interest J.cisicctsseescsseevseee Deh ro 
Lias of Northamptonshire ... 25 0 0 
Registration of ‘Lype-Speci- 

mens of British Fossils...... 5 5 0 
Investigation of ElboltonCave 25 0 0 
Botanical Station at Pera- 

GENIYA «2.0... eceeeensceeteeeetione 50 0 O 
Experiments with a Tow-net 40 0 0 
Marine Biological Association 1210 0 
Disappearance of Native 

Plants c.cuesteskaeebeeeeacenceae 5 0 0 
Action of Waves and Currents 

in’ Hstuaries .....dsscccvecces 125 0 0 
Anthropometric Calculations 10 0 0 
New Edition of ‘ Anthropo- 

logical Notes and Queries’ 50 0 0 
North - Western Tribes of 

PanAda scapes s+ canaasetencaesc 200 0 0 
Corresponding Societies ...... 25 0 0 

£1029 10 0 
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Intensity of Solar Radiation 2 
Magnetic Work at the Fal- 


mouth Observatory ......... 25 

| Isomeric Naphthalene Deri- 

Vail VES? mc hemnanetinesi «5 va ages ep 
Hrratic Blocks, Ciencrsss.+..ss0s. 10 
Fossil Phyllopoda............... 5 
Underground Waters ......... 5 
Shell-bearing Deposits at 

Clava, Chapelhall, &c. ...... 20 
Eurypterids of the Pentland 

Hills Wis. cnvataisdedseavececssies. 10 
Naples Zoological Station ... 100 
Marine Biological Association 30 
Fauna of Sandwich Islands 100 
Zoology and Botany of West 

India Islands ......:.sececeeees 50 


orPeoqcca o CSOD. Bo. DIOS O 


1892. 
£ 8. ad. 
Observations on Ben Nevis... 50 0 0 
Photographs of Meteorological 
PhenoMena.....o-..ceereceeeenes 15 0 0 
Pellian Equation Tables ...... 10 0 0 
Discharge of Electricity from 
POINtS ....cc.sccocssscevescnsnes 50 0 0 
Seismological Phenomena of 
JAPAN. \..0.cdedsteeos drs cwegesmn 10 0 0 
Formation of Haloids ......... 12 0 0 
Properties of Solutions ...... 10 0 0 
Action of Light on Dyed 
| Colours: \.cc0tisiecserccsesvane 10 0 0 
Hrratic BIOCKS: Aivcemeetssncemesn 15 0 0 
Photographs of Geological 
TNGEL CEE anacinecesiatees'ewet soma 20 0 0 
Underground Waters ......... 10 0 0 
Investigation of  Elbolton 
WAV eds lt av.awcasseanccoeeeeaeeite 25 0 0 
Excavations at Oldbury Hill 10 0 0 
Cretaceous Polyzoa .........06 10 0 0 
Naples Zoological Station ... 100 0 0 
Marine Biological Association 1710 0 
Deep-sea Tow-net ...........000+ 40 0 0 
Fauna of Sandwich Islands... 100 0 0 
Zoology and Botany of West 
India Islands® J..2..20eivdecee 100 0 0 
Climatology and Hydrography 
of Tropical Africa........... 50 0 0 
Anthropometric Laboratory... 5 0 0 
Anthropological Notes and 
Queries: ossaneetcean meses es 20 0 0 
Prehistoric Remains in Ma- 
shonaland O2sv.tdeovscacedeces 50 0 0 
North-Western ‘Tribes of 
Can aGal © covevdeceadcuascueste atte 100 0 0 
Corresponding Societies ...... 25 0 0 
£864 10 0 
eee 
1893. 
Electrical Standards............ 25 
Observations on Ben Nevis... 150 
Mathematical Tables ......... 15 
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£ 8. a. 
Exploration of Irish Sea ...... 30 0 0 
Physiological Action of 

Oxygen in Asphyxia......... 20 0 0 
‘Index of Genera and Species 

OL ANUMAIS «. idatased «> Shae oof 20 0 0 
Exploration of Karakoram 

Mountains ...........,ceeseeeee 50 0 0 
Scottish Place-names ......... 7 0 0 
Climatology and  MHydro- 

graphy of Tropical Africa 50 0 0 
Economic Training ............ Syeidne iO 
Anthropometric Laboratory... 5 O 0 
_Exploration in Abyssinia...... 25 0 0 
North-Western ‘Tribes. of 

EUTCITE. gmt degsee dee cegeccucds 100 0 O 
Corresponding Societies ...... 30 0 0 

£907 15 6 
1894. 
Electrical Standards............ 25 0 0 
Photographs of Meteorological 

Phenomena...........2..0--0-0- 10 0 0 
Tables of Mathematical Func- 

NOU SUR tomees cop <cosccsareqacenens 15 0 0 
Intensity of Solar Radiation 5 5 6 
‘Wave-length Tables............ 10 0 0 
Action of Light upon Dyed 
SUP OIOWES Wicce-sccrcsetassssccseses 5 0 0 

Erratic Blocks ............00.006 15 0 0 
. Fossil Phyllopoda............... a 00 
Shell-bearing Deposits at 
BOG WAE CSCC VSocesveccecaesqaseqe 20 0 0 
Eurypterids of the Pentland 
BUDE cesrecasssttaesscesscnceuse= B 030 
New Sections of Stonestield 
BEARCAR gia ne cats onc siaseteiaete +s 14 0 0 
Observations on Earth Tre- 
LELG TET Rs RAR iat cope aqucBSeesaces 50 0 0 
Exploration of Calf- Hole 
SPER Osa Acaeblgene eect een eee = oO. 0 
Naples Zoological Station ... 100 0 0 
Marine Biological Association 5 0 0 
Zoology of the Sandwich 

MAR GS T eacvcsesscssrsc sates ... 100 0 0 

_ Zoology of the Irish Sea ...... 40 0 0 
Structure and Function of the 

Mammalian Heart............ 10 0 0 

Exploration in Abyssinia 30 0 0 

' Economic Training ............ 910 0 
Anthropometric Laboratory 

MtAbISCICS.<ccesssshuesessabsseees 5 0 0 

Ethnographical Survey ...... 10 0 0 
| The Lake Village at Glaston- 

DULY 2 < «2%, » Greceebance tends def cee 40 0 0 

_ Anthropometrical Measure- 

ments in Schools ............ 5 0 0 
‘ Mental and Physical Condi- 

tion of Children............... 20 0 0 

_ Corresponding Societies ...... 25 0 0 


-" 
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1895. 
28, a. 
Electrical Standards..........., 5, 1OveO 
Photographs of Meteorological 
PhenoMena........0....--seeeeee 10 0 O 
Earth Tremors . ........seseeees 75 0 0 
Abstracts of Physical Papers 100 0 0 
Reduction of Magnetic Obser- 
vations made at Falmouth 
QPServatory —s....cenmcs en eases 50 0 O 
Comparison of Magnetic Stan- 
GALORE wccacapehaesnesstideaachy Ie 25 0 0 
Meteorological Observations 
QniBen NEVIS snsc<cssecs sce. 50 0 O 
Wave-length Tables of the 
Spectra of the Elements... 10 0 0 
Action of Light upon Dyed 
Golours! Pe sccas score) wen. sess sess zl Haga | 
Formation of Haloids from 
Pure Materials ............... 20 0 0 
Isomeric Naphthalene Deri- 
WAGIMGS 7. atcnmcls ose sta cds ea-neten 30 0 0 
Electrolytic Quantitative An- 
GILYSIS, cated snctnieesacnedes «msnes 30 0 0 
| (Erratic Blocks... .s.cscsessece 10 0 0 
Paleozoic Phyllopoda ......... 50). 40 
Photographs of Geological In- 
BE LES Uy a eteaner clessat te rcthasdaas 10 0 0 
Shell-bearing Deposits at 
ClaVal Re Gai on edse sacccaie ose 10 0 0 
Eurypterids of the Pentland 
LUISE. cer nck aes pate sancarinemcs 3 0 0 
New Sections of Stonesfield 
DIATE) nccusataruceth cscs staa sts 50 0 0 
Exploration of Calf Hole Cave 10 0 0 
Nature and Probable Age of 
High-level Flint-drifts .. ... 10 0 0 
Table atthe Zoological Station 
At Naples pice cen ccteassiasese ccs 100 0 0 
Table at the Biological Labo. 
ratory, Plymouth ........... 15 0 0 
Zoology, Botany, and Geology 
of the Irish Sea............... 35 9 4 
Zoology and Botany of the 
West India Islands ......... 50 0 0 
| Index of Genera and Species 
Of AmIMAlS a. (cnc scusaeepaee te 50 0 0 
Climatology of Tropical Africa 5 0 O 
Exploration of Hadramut 50 0 0 
| Calibration and Comparison of 
Measuring Instruments 25 0 0 
Anthropometric Measure- 
ments in Schools ............ 5 0 0 
Lake Village at Glastonbury 30 0 0 
Exploration of a Kitchen- 
midden at Hastings ......... 10 0 0 
Ethnographical Survey ...... 10 0 0 
Physiological Applications of 
the Phonograph............... 25 0 0 
Corresponding Societies ...... 30 0 0 
£977 15 5 
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1896. 1897, 
£8, a £5. da. 
Photographs of Meteorologi- Mathematical Tables ..... uw 25 0 0 

cal Phenomena ...........+ .. 15 0 O | Seismological Observations... 100 0 0 
Seismological Observations... 80 0 0 | Abstracts of Physical Papers 100 0 0 
Abstracts of Physical Papers 100 0 0 | Calculation of certain In- 
Calculation. of certain Inte- tegrals......cccscscssecsenscecers 10 0 0 

Cvals.c.ssssderecovecameseenee cee 10 0 0 | Electrolysis and LHlectro- 
Uniformity of Size of Pages of Chemistry .......sesceseseoeees 50 0 O 

Transactions, &C. ........06+ 5 0 0 | Electrolytic Quantitative Ana- 
Wave-length Tables of the Ly SiS). 5. j.ccsuances seseseseatenats 10 0 0 

Spectra of the Elements... 10 0 0 | Isomeric Naphthalene Deri- 

Action of Light upon Dyed VAbiVeS..o...sccecssceceseeeceess 50 0 0 

Coloting: Vee teeeee seers nacas 2 6 1 | Erratic Blocks .........s:sssvese 10 0 0 
Electrolytic Quantitative Ana- Photographs of Geological 

TySiSi s.vetereatssonstseonereeneee 10°") “0 Interest ....0.0sscrccccteesnsens 15 0 0 
he Carbohydrates of Barley Remains of the Irish Elk in 

SULA Wicort cnc ceateneencsane =e: 50 0 0 the Isle of Man..........++.+ 15250) +0. 
Reprinting Discussion on the Table at the Zoological Sta- 

Relation of Agriculture to tion, Naples ..:..scsseesvessae 100 0 0 

Rcleuceriemecsrccsessttuareecee es 5 0 0 | Table at the Biological La- 

MMTTaiie BLOCKBasesestateaacrcccecs TOMO 30 boratory, Plymouth ......... Sel Ons 
Palzeozoic Phyllopoda ......... 5 0 0 | Zoological Bibliography and 
Shell-bearing Deposits at Publication. .....ccsssserscosese Bras O 

CG laierece een ee anaehnenson: 10 0 O | Index Generum et Specierum 
Eurypterids of the Pentland Annona 100 oeeseieiee ns erent 100 0 0 

A piss case couveetisasinececonetse 2 0 0 | Zoology and Botany of the 
Investigation of a Coral Reef West India Islands ......... 40 0 0 

by Boring and Sounding... 10 0 0 | The Details of Observa- 
Examination of Locality where tions on the Migration of 

the Cetiosaurus in the Ox- Shs IF adore quccooncbaipocacenre: 40 0 0 

ford Museum was found... 25 0 0 | Climatology of Tropical 
Paleolithic Depositsat Hoxne 25 0 0 APTI CAvosgc ss asadentnanniiesrtnneds 20 0 0 
Fauna of Singapore Caves ... 40 0 0 | Ethnographical Survey......... 40 0 0 
Age and Relation of Rocks Mental and Physical Condi- 

near Moreseat; Aberdeen . 10 0 O tion of Children.............++ 10 0 0 
Table at the Zoological Sta- Silchester Excavation ......... 20:0 0 

tion at Naples ......sssesse0- 100 0 O | Investigation of Changes as- 
Table at the Biological Labo- sociated with the Func- 

ratory, Plymouth ............ 0 0 tional Activity of Nerve 
Zoology, Botany, and Geology Cells and their Peripheral 

of the Irish Sea .........s.000 0 0 EXtensiOns ............00seeeees 
Zoology of the Sandwich Is- Oysters and Typhoid ......... 

Thm). ohsaticasagocaspcaononaoce.: 0 0 | Physiological Applications of 
African Lake Fauna............ 0 0 the Phonograph...........++++ 
Oysters under Normal and Physiological Effects of Pep- 

Abnormal Environment ... 0 0 tone and its Precursors...... 
Climatology of Tropical Africa 0 0 | Fertilisation in Phzophyce 
Calibration and Comparison of Corresponding Societies Com- 

Measuring Instruments...... 0 0 IMIttOl ...cssecccereceareeene ae 
Small Screw Gauge ......ceeee 0 0 1069 10 8 
North-Western Tribes of fo sas = = 

CAaMAda  sicscccccecersresescsers 0 0 
Lake Village at Glastonbury. 30 0 0 1898. 

Rt ed Pace Cee 40 0 © | wectrical Standards...... ..... 75 0 0 

tion of Children... 10 0 0 | Seismological Observations... 75 0 0 
Physiological Applications of Abstracts of Physical Papers 100 0 0 

the Phonograph..........0006 25 0 © | Calculation of certain In- 
Corresponding Societies Com- tegrals ee ecccaccccceeseccesssseses LOPO' 0 

235) ea rie. 39 © 0 | Hlectrolysisand Electro- -chem- 

ISLTY ...scsseseccenersceees istisess oD O10 
£1104 6 1 Meteorological Observatory at 
Se re Montre@li..:.. ssisssssccseesree 50 0 O 


£3. d 
Wave-length Tables of the 
Spectra of the Elements... 20 0 0 
Action of Light upon Dyed 
Can) HOSRERGRS nace eeeepccad 8 0 0 
Erratic Blocks ............:00005 5 0 0 
investigation of a Coral Reef 40 0 0 
Photographs of Geological 
INIEGEESE: asec, cecstessocecedecere 10 0 0 
Life-zones in British Car- 
boniferous Rocks ..........0 15 0 0 
Pleistocene Fauna and Flora 
PHO ATIAGA! assicisassescecsses re 20 0 0 
Table at the Zoological Sta- 
tion, Naples ............scee0s 00 0 0 
Table at the Biological La- 
boratory, Plymouth ......... 14 0 0 
Index Generum et Specierum 
Animalium ..............sse000e 00 0 O 
Healthy and Unhealthy Oys- 
ters ..... Bpacesanat cassancesatnces 30 0 0 
Climatology of Tropical Africa 10 0 0 
State Monopolies in other - 
ROIITIETICS! ssc :chcnasacsscsccacs 15 0 0 
Small Screw Gauge ............ 20 0 0 
North-Western Tribes of 
SEANAGA ccsccecssccrcssssessassee 75 0 0 
Lake Village at Glastonbury 37 10 0 
Silchester Excavation ......... 710 0 
EthnologicalSurveyof Canada 75 0 0 
Anthropology and Natural 
History of Torres Straits... 125 0 0 
Investigation of Changes asso- 
ciated with the Functional 
Activity of Nerve Cells and 
their Peripheral Extensions 100 0 0 
Fertilisation in Pheophyceer 15 0 0 
Boge vending Societies Com- 
TILLCE, sa seasnioeseosnsnevsc Sgn ees 
£1212 0 0 
1899. 
Electrical Standards....... cent o2ornOrs0 
- Seismological Observations... 65 14 8 
Science Abstracts ...........0005 100 0 0 
Heat of Combination of Metals 
HAPALLOVS .cess saz. tatcucuilascats 20 0 0 
Radiation ina Magnetic Field 50 0 0 
Calculation of certain In- 
BEPTAIG’., citrcevecteosecctesssskcs 10 0 0 
Action of Light upon Dyed 
BEBIOUTS” cos sces.c00 t0astues ote 419 6 
Relation between Absorption 
Spectra and Constitution of 
Organic Substances ........ - 60 0 0 
Erratic Blocks ...........000000 15 0 0 
Photographs of pei 
EMGCTESE ccciscvccces.sceivocedes 10 0 0 
Remains of Irish Elk in the 
Tele Of Man........0.ciscssseees 15 0 0 
Pleistocene Flora and Fauna 
MNBOE Es ssyussesseecvieee 30.0" 0 


1909. 


GRANTS OF MONEY. 


coe ERATE 
Records of Disappearing Drift 
Section at Moel Tryfaen .... 5 0 O 
Ty Newydd Caves............005 40 0 0 
Ossiferous Caves at Uphill... 30 0 0 
Table at the Zoological Sta- 
tion, Naples .......sc0cseseees 100 0 0 
Table at the Biological La- 
boratory, Plymouth ......... 20 0 0 
Index Generum et Specierum 
AnimaluUM si2iscecdsc-soesees. 100 0 O 
Migration of Birds ............ 15 0 0 
Apparatus for Keeping Aqua- 
tic Organisms under Definite 
Physical Conditions ......... 15 0 0 
Plankton and Physical Con- 
ditions of the English Chan- 
nel during 1899............606 100 0 0 
Exploration of Sokotra ...... 35 0 0 
Lake Village at Glastonbury 50 0 0 
Silchester Excavation ......... 10 0 0 
Ethnological Survey ofCanada 35 0 0 
New Edition of ‘ Anthropo- : 
logical Notes and Queries’ 40 0 0 
Age of Stone Circles..........., 20 0 0 
Physiological Effects of Pep- 
LONG ccccsssecetsseeiseeedsesns-ee 30 0 0 
Electrical Changes accom- 
panying Discharge of Re- 
spiratory Centres ............ 20 0 0 
Influence of Drugs upon the 
Vascular Nervous System... 10 0 0 
Histological Changes in Nerve 
Cellsiiccs.caseecssteasessccssecnes 20 0 O 
Micro-chemistry of Cells...... 40 0 0 
Histology of Suprarenal Cap- 
SUlESW 5 candecscedenveurcestestes 20 0 O 
Comparative Histology of 
Cerebral Cortex ........ssese0s 10 0 0 
Fertilisation in Pheophycee 20 0 0 
Assimilation in Plants......... 20 0 O 
Zoological and Botanical Pub- 
ligation! Qecnccrsvassecsesdseasen 5 0 0 
Corresponding Societies Com- 
PNIGUCO are mnaivetecitec se eneaeek nas 25 0 0 
£1430 14 14 2 
1900. 
Electrical Standards........ pee 25) Ots0 
Seismological Observations... 60 0 0 
Radiationina Magnetic Field 25 0 0 
Meteorological Observatory at 
MOntredlir accesessnccesaseness 20 0 0 
Tables of Mathematical Func- 
PIONS icasatteneartecssyaedecses' 76 0 0 
Relation between Absorption 
Spectra and Constitution 
of Organic Bodies......... ate oor OO 
Wave-length Tables..........5 a 0F "0 
Electrolytic Quantitative 
ANALYSIS sivastecesecsseseetenscee Or OPO 


.CX1V 
ears nice 
Isomorphous Sulphonic De- 
rivatives of Benzene......... 20 0 0 
The Nature of Alloys ......... 30 0 0 
Photographs of Geological 
Interest .......sscccccccesensess 10 0 0 
Remains of Elk in the Isle of 
IMAM) co clecscmicas « dcasxaahecePer o> > b OFA0 
Pleistocene Fauna and Flora 
In Canada .....cserccoese-ssees 10 0 0 
Movements of Underground 
Waters of Craven .........+4+ 40 0 0 
Table at the Zoological Sta- 
tion, Naples ......scecseeees , 100 0 0 
Table at the Biological La- 
boratory, Plymouth ......... 20 0 O 
Index Generum et Specierum 
Amimaliuim ........-sseccssscess 50 0 0 
Migration of Birds ............ 15 0 0 
Plankton and Physical Con- 
ditions of the English 
Channel so. swasseiseveresieeess 40 0 0 
Zoology of the Sandwich 
Islands. 9: .cedewancaneesiisy eseees 100 0 0 
Coral Reefs of the Indian 
Region  ssnccebenercseawernenins 30 0 0 
Physical and Chemical Con- 
stants of Sea-Water......... 100 0 0 
Future Dealings in Raw 
Produce. ..csscececdscasenanese® 210 0 
Silchester Excavation ......... 10 0 O 
Ethnological Survey of 
Canada socscccsesassssaeueenre 50 0 0 
New Hdition of ‘Anthropo- 
logical Notes and Queries’ 40 0 0O 
Photographs of Anthropo- 
logical Interest .............0 10 0 0 
Mental and Physical Condi- 
tion of Children in Schools 5 O O 
Ethnography of the Malay 
Peninsula), ceccsuctitssaetverees 25 0 0 
Physiological Effects of Pep- 
CONC onsale i esaeese se ceeeeneneet 20 0 0 
Comparative Histology of 
Suprarenal Capsules......... 20 0 0 
Comparative Histology of 
Cerebral Cortez... ...csscenres 5 0 0 
Electrical Changes in Mam- 
Malian Nerves ...cccscsseceee 20 0 0 
Vascular Supply of Secreting 
Glands. .......:<s.00: see 10 0 0 
Fertilisation in Pheophycexw 20 0 0 
Corresponding Societies Com- 
MILLEC!.. tactic beccdae tee eee 20 0 0 
£1072 10 O 
1901. 
Electrical Standards ......... 45 0 0 
Seismological Observations... 75 0 O 
Wave-length Tables..........., 414 0 
Isomorphous Sulphonic De- 
rivatives of Benzene ....., 35 0 0 
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£8. a. 
Life-zones in British Car- 

boniferous Rocks .......+++++ 20 0 0 
Underground Water of North- 

west Yorkshire .......0.-.+4++ 50 0 0 
Exploration of Irish Caves... 15 0 0 
Table at the Zoological Sta- . 

tion, Naples ......seseeeeeees 100 0 O 
Table at the Biological La- 

boratory, Plymouth ......... 20 0 0 
Index Generum et Specierum 

Animalium........ Sapepet sides 5.0: 0 
Migration of Birds ............ 10 0 0 
Terrestrial Surface Waves... 5 O O 
Changes of Land-level in the 

Phlegrzan Fields..........++ 50 0 0 
Legislation regulating Wo- 

men’s Labour,.......ssceeeeeee 15 0 0 
Small Screw Gauge...........+ 45 0 0 
Resistance of Road Vehicles 

COMTTACHION.-cascseneeesseeneset 75 0 0 
Silchester Excavation ......... 10 0 O 
Ethnological Survey of 

Canadatnccncsasccsetsenases 30 0 0 
Anthropological Teaching ... 5 0 O 
Exploration in Crete ......... 145 0 0 
Physiological Effects of Pep- 

QUO vse) sc usenes seconde ess sere 30 0 0 
Chemistry of Bone Marrow... 5 15 11 
Suprarenal Capsules in the 

Rabb bi.. cospedadeesss sceneassaes 5 0 0 
Fertilisation in Pheophycee 15 0 0 
Morphology, Ecology, and 

Taxonomy of  Podoste- 

MACE, t. cruise snaedoessorasestens 20 0 0 
Corresponding Societies Com- 

MULGCCE ee weceeanperane MEdopecobe 15 0 0 

£920 9 11 
1902. 
Electrical Standards............ 40 0 0 
Seismological Observations... 35 0 0 
Investigation of the Upper 

Atmosphere by means of 

Kites: <.scss-snressansecnasteeeens 75 0 0 
Magnetic Observations at Fal- 

MOUGH.. heise conte aenaveaneene 80 0 0 
Relation between Absorption 

Spectra and Organic Sub- 

StANCES! Sivecesvetuiencsesaetes 20 0 0 
Wave-length Tables............ 56 0 0 
Life-zones in British Car- 

boniferous Rocks ............ 10 0 O 
Exploration of Irish Caves... 45 0° 0 
Table at the Zoological 

Station, Naples ............... 100 0 0 
Index Generum et Specierum 

Animalium .......ccseseeesenene 100 0 0 
Migration of Birds ............ 15 0 0 
Structure of Coral Reefs of 

Indian Ocean,..........-s00+6 50 0 0 


GRANTS OF MONEY. 


£ 8. d. 
Compound Ascidians of the 

Olyde Area .........sssseeseeeee 25 0 0 
Terrestrial Surface Waves ... 15 0 0 
Legislation regulating Wo- 

men’s Labour...........ss0000+ 30 0 0 
Small Screw Gauge ............ 20 0 O 
Resistance of Road Vehicles 

to Traction..........:.sseseeees 50 0 0 
Ethnological Survey of 

(ODES Ei Jae eaoe SaARr Ge een ee 15 0 0 
Age of Stone Circles............ 30 0 0 
Exploration in Crete............ 100 0 0 
Anthropometric Investigation 

of Native Egyptian Soldiers 15 0 0 
Excavations on the Roman 

Site at Gelligaer ............ 5 0 0 
Changes in Hemoglobin ..... 15 0 0 
Work of Mammalian Heart 

under Influence of Drugs... 20 0 0 
Investigation of the Cyano- 

PAV CORE veccscsce:ncyenceneseres 10 0 0 
Reciprocal Influence of Uni- 

versities and Schools ...... 5 0 0 
Conditions of Health essen- 

tial to carrying on Work in 

RIGHOMIA, -cancncace.steden edi cn 2 0 0 
Corresponding Societies Com- 

mittee ........ Poicttadsanaodecnun 15 0 0 

£947 0 0 
1903. 
Electrical Standards.......... - 35 0 0 
Seismological Observations... 40 0 0 
Investigation of the Upper 

Atmosphere by means of 

RETLOS i aes iseciees'ss seb aeis'e sel abta 7% 0 0 
Magnetic Observations at Fal- 

BRU Gles cose stacesescrenssesssece 40 0 0 
Study of Hydro-aromatic Sub- 

BEEIGES! op -ocvomascosaee. dos. 0 20 0 0 
Erratic Blocks ............s0600- 10 0 O 
Exploration of Irish Caves... 40 0 0O 
Underground Waters of North- 

west Yorkshire ............... 40 0 0 
Life-zones in British Car- 

boniferous Rocks ............ 5 0 0 
Geological Photographs ...... 10 0 0 
Table at the Zoological Sta- 

tion at Naples ............... 100 0 0 
Index Generum et Specierum 

Animalium ..................06 100 0 0 
Tidal Bore, Sea Waves, and 

IBOACHOS fies te nesne, {oceceesievns 15 0 0 
Scottish National Antarctic 

Expedition ................00005 50 0 O 
Legislation affecting Women’s 

D@OUY “.cecccesesventenses ys e05 25 0 0 
Researches in Crete ............ 100 0 0 
Age of Stone Circles............ 313 2 
Anthropometric Investigation 5 0 0 


CXV 
@ sid. 
Anthropometry of the Todas 

and other Tribes of Southern 

NGA ech necpadeni isco: cdenceee 50 0 O 
The State of Solution of Pro- 

Ell doatecsocstiascacecacaes «4s 0s 20 0 0 
Investigation of the Cyano- 

PRY Cet a. cecektacesascaasesviee 25 0 0 
Respiration of Plants ......... 12 0 0 
Conditions of Health essential 

for School Instruction ...... 5 0 0 
Corresponding Societies Com- 

MELGEEEis ssscecnne Sates drteseon sai 20 0 O 

£845 13 2 
1904. 
Seismological Observations... 40 0 0 
Investigation of the Upper 

Atmosphere by means of 

KALGS | Fo senw sade S mgesg- aed « taas 50 0 0 
Magnetic Observations at 

MBLNOULDY socc<..cesvssho asta: 60 0 0 
Wave-length Tables of Spectra 10 0 0 
Study of Hydro-aromatic Sub- 

SUANCES © oc cc orisagshinanceabeccsets 25 0 0 
Erratic Blocks .............0060 10 0 0 
Life-zones in British Car- 

boniferous Rocks ............ 35 0 0 
Fauna and Flora of the 

METAS or cee eee spent akdan to ddI 10 0 0 
Investigation of Fogsiliferous 

IDYIEDS'? Sodus oo hss otpad.sechee soi 50 0 0 
Table at the Zoolcgical Sta- 

tion, Naples ...............605 100 0 O 
Index Generum et Specierum 

Animalium ...............cc0008 60 0 0 
Development in the Frog...... 15 0 0 
Researches on ‘the Higher 

CUUBLACEAS Gesccstacecssuspoets s 15 0 0 
British and Foreign Statistics ; 

of International Trade...... 25 0 0 
Resistance of Road Vehicles 

to: Trachioniss.cccsssacstecis tce 99 0 0 
Researches in Crete ............ 100 0 0 
Researches in Glastonbury 

Lake Village <7... 22252 25 0 0 
Anthropometric Investigation 

of Egyptian Troops ......... 810 0 
Excavations on Roman Sites 

in’ Britain) 200. .2hiaeces f. 25 0 0 
The State of Solution of Pro- 

TRIAS oes one viov aves deverwete: 20°" 0 
Metabolism of Individual 

TISBUGH as soudactak eecettescee css 40 0 0 
Botanical Photographs......... 4 811 
Respiration of Plants... ........ T5708 
Experimental Studies in 

Heredity vice. .eseicesseecsves 35 0 0 
Corresponding Societies Com- 

MHIGECS . ..civvasverssdschecs detent 20° 0’ #0 

2887 18 11 


| 
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1905. 
£ s. d. 
Electrical Standards...........+ 40 0 0 
Seismological Observations... 40 0 0 
Investigation of the Upper 

Atmosphere by means of 

IKAb€Spescetseverssvccscsarsaess ss 40 0 0 
Magnetic Observations at Fal- 

MOUGH ..2.0+0cecsececcsscovsesers BO" 10" 0s) 
Wave-length Tables of Spec- 

HEA soscscccsecccssencovnsecsnars 5) 0' 0 
Study of Hydro-aromatic 

Substances  ....seseeene ASieasee Cone OO 
Dynamic Isomerism ........++4 20 0 0 
Aromatic Nitramines ......... 25 0 O 
Faunaand Flora of the British 

BRIIAS acerca nceaceveeessesses 10 %0:+.0 
Table at the Zoological Sta- 

tion, Naples .........+sseeeee- 100 0 0 
Index Generum et Specierum 

Animalium ............scssees0s Ton O 20 
Development of the Frog 10 0 0 
Investigations in the Indian 

OCEAN ......cssccersssceceesesers 150 0 0 
Trade Statistics .........s.scseeee 4 4 8 
Researches in Crete .........++. 72> pion Oy 
Anthropometric Investiga- 

tions of Egyptian Troops... 10 0 0 
Excavations on Roman Sites 

Thal Lu EEO. Aaanaotingngoganoute 10 0 0 
AnthropometricInvestigations 10 0 0 
Age of Stone Circles............ 30 0 0 
The State of Solution of Pro- 

UHC EI 5 snp Sennoniodoougstisdoslocanee 20) 0 0 
Metabolism of Individual 

BRISSUCS icewsc toes ccgeaossaceiars 30 0 0 
Ductless Glands.......00...ss200e 40 0 0 
Botanical Photographs......... 3) Li 
Physiology of Heredity......... 35 0 O 
Structure of Fossil Plants ... 50 0 0 
Corresponding Societies Com- 

mittee........ SACS oR GEOrEERCOOI 20 0 0 

£928 2 2 
1906. 
Electrical Standards..,......... 25 0 0 
Seismological Observations... 40 0 0 
Magnetic Observations at Fal- 

MOULD... uexceosngtesoneats eicess 50 0 0 
Magnetic Survey of South 

ATTICA. ccsniantadecomeaeswoesies ce 99 12 6 
Wave-length TablesofSpectra 5 0 O 
Study of Hydro-aromatic Sub- 

SUALICES Scwenscrceansscns ssetere cs 25 0 0 
Aromatic Nitramines ......... 10 0 0 
Faunaand Flora of the British 

PREIAS) peavsa-ssscanecneassueepptives 7-811 
Crystalline Rocksof Anglesey 30 0 0 
Table at the Zoological Sta- 

ena Dleseete cre.) yeas 100 0 0 
MniGex ANIMAL TIM wees sces cesses Ge LOW) 
Development of the Frog....., 10 0 0 
Higher Crustacea .,.....6.... Pe ay OP a8) 


GENERAL STATEMENT, 


oe. a: 
Freshwater Fishes of South 
ATR Caneae eaapesaarinenecspasaseran 50 0 O 
Rainfall and Lake and River 
Discharge .....scssesceserseees 10 0 0 
Excavations in Crete ......+.. 100 0 O 
Lake Village at Glastonbury 40 0 0 
Excavations on Roman Sites 
ANVBTICAID ceccnvseceteinap pasate 30 0 0 
AnthropometricInvestigations 
in the British Isles ......... 30) -O>.-O 
State of Solution of Proteids 20 0 0 
Metabolism of Individual 
TISSUES © jeacctaues Can cones stoenae 20 0 0 
Effect of Climate upon Health 
and" DISCASE: . scenes ten <ascnes>s 20 0 G 
Research on South African 
CYCAGS\..cc.cvdeseescesdsccounteen 1419 4 
Peat Moss Deposits .,......++++ 25 0 0 
Studies suitable for Elemen- 
tary SChOOIS ........0.ssecs00 5 0 0 
Corresponding Societies Com- 
MILO! scceceneccshess\ccesecckasss 25 0 0 
£882 0 9 
1907. 
Electrical Standards ......... 50 0 O 
Seismological Observations... 40 0 O 
Magnetic Observations at 
Mal MmOnth: .jiscsscecstaspaneens 40 0 0 
Magnetic Survey of South 
ATTICA. cone ches vesmai aap eantesien 25) Tt 36 
Wave-length Tables of 
SPChrA.” j.csicesngteeeceesessans 10 0 0 
Study of Hydro-aromatic 
Substancess..crsccevececensate 30 0 0 
Dynamic Isomerism............ 30 0 0 
Life Zones in British Car- 
boniferous Rocks ............ 10 0 O 
Erratic Blocks ‘<.isccccsusscceres Lov 0-0 
Fauna and Flora of British 
YriAS!* Joeschuscecaneesssaneoeeene 10 0 0 
Faunal Succession in the Car- 
boniferous Limestone of 
South-West England ...... 15 0 0 
Correlation and Age of South 
African Strata, &c. ......... 10 0 0 
Table at the Zoological 
Station, Naples ...........+... 100 0 0 
Index Animalium ............005 75~0' 0 
Development of the Sexual 
Cells: 25. dictarttee cece ee ease iL LG yas) 
Oscillations of the Land Level 
in the Mediterranean Basin 50 0 0O 
Gold Coinage in Circulation 
in the United Kingdom ... 819 7 
Anthropometric Investiga- 
tions in the British Isles... 10 0 O 
Metabolism of Individual 
TISSUCSS fecce ete seneeneath er cece 45 0 0 
The Ductless Glands ......... 2b= 0 0 
Effect of Climate upon Health 
and Disease .....5 seers 55 0 0 


GRANTS OF MONEY, 


£ s. da. 
Physiology of Heredity ...... 30 0 UO 
Research on South African 

IP GADG isc dasssconsesccaaccestoone 35 0 0 
Botanical Photographs......... 5 0 0 
Structure of Fossil Plants ... 5 O O 
Marsh Vegetation............0+8 15 0 0 
Corresponding Societies Com- | 

WSEEIUCE esa e secure eossles cs cesteisss cen ae 

£757 12 1 10 | 
1908. 
Seismological Observations... 40 0 0 | 
Further Tabulation of Bessel 

Functions .........:c.se0ceeee 145 0 0 
Investigation of Upper Atmo- 

sphere by means of Kites... 25 0 0 
Meteorological Observations | 

on Ben Nevis.........000 seve 25 0 0} 
Geodetic Arc in Africa......... 200 0 0 
Wave-lengthTablesof Spectra 10 0 0 
Study of Hydro-aromatic Sub- 

BUATICES. cccsecveccscucesvecscsares 30 0 O 
Dynamic Isomerism ............ 40 0 0 
Transformation of Aromatic 

NitrTamines »..........secessesee 30 0 O 
Erratic Blocks ...........seeees 17 16 6 
Fauna and Flora of British 

Taint ee eee ee 10 0 0 
Faunal Succession in the Car- 

boniferous Limestone in the 

British Isles  ..........seseeeee 10 0 0 
Pre-Devonian Rocks............ 10 0 0 
Exact Significance of Local 

IDG TLGY GBs paren ssrnonocene one 5 0 0 
Composition of Charnwood 

PROCES) canaccwseccniverccessesvene 10 0 0 
Table at the Zoological Station 

at Naples........... Sppneantone 100 0 O 
Index Animalium ............... Ta) OOO 
Hereditary Experiments ...... 10 0 0 
Fauna of Lakes of Central 

SP ASINATNA eR csnscvkssessenpenenes 40 0 0 
Investigations in the Indian 

PIREAT yi dadssondsceanunnonuneeses 50 0 0 
Exploration in Spitsbergen... 30 0 0 
Gold Coinage in Circulation 

in the United Kingdom...... 3.7 «6 
Electrical Standards ......... 50 0 O 
Glastonbury Lake Village ... 30 0 0 
Excavations on Roman Sites 

PIGDVICAMY “c.csesesvbensevsease 15 0 0 
Age of Stone Circles............ 60 0 0 
Anthropological Notes and 

MUTCTIES) 4 accucneoncnaeceesvaseccs 40 0 0 
Metabolism of Individual 

PISSUCS esssteststes<s ile aseeecst 40 0 0 
The Ductless Glands............ 13 14 8 
Effect of Climate upon Health 

and Disease.........sseccersreve 35 0 0 
Body Metabolism in Cancer... 30 0 0 
Electrical Phenomena and 

Metabolism of Arum ree 

HOMES CSO Oey BECO 10 0 0 


Cxvil 
£ 8. a. 
Marsh Vegetation ............. 15 0 0 
Succession of Plant Remains 18 0 0 
Corresponding Societies Com- 
MCLE Orem atent epee dessien acs series 25 0 O 
£1157 18 8 
1909, 
Seismological Observations... 60 0 0 
Investigation of the Upper At- 

mosphere bymeansof Kites 10 0 0 
Magnetic Observations at 

Falmouth .........sceceeeeeees 50 0 0 

| Establishing a Solar Ob- 

servatory in Australia ...... 50 0 0 

| Wave-lengthTablesofSpectra 916 0 
| Study of Hydro-aromatic Sub- 

SEANCES ...ccssseceeeeseenceoeee 15 0 0 
Dynamic Isomerism.........+«- 35 0 0 
Transformation of Aromatic 

Nitramines.......ccceccseeeeees 10 0 0 
Electroanalysis ........s0e2ses008 30 0 0 
Fauna and Flora of British 

AUAS? {sk vads stossklagscscaesoenss 8 O10 
Faunal Succession in the Car- 

boniferous Limestone in the 

British Isles ........seeeeeeees 8 0 0 
Paleozoic Rocks of Wales and 

the West of England ...... 9 0 0 
Igneous and Associated Sedi- 

mentary Rocks of Glensaul 1113 9 
Investigations at Biskra ...... 50 0 0 
Table at the Zoological Station 

at Naples ........cccccecereeee 100 0 0 
Heredity Experiments......... 10 0 0 
Feeding Habits of British 

Birds) 5. fesese cssoceorveveseeens 50° 0 
Index Animalium............... 75 0 0 
Investigations in the Indian 

OCEAN oo .ecsctestsarseacerescees 35 0 0 
Gaseous Explosions ...........+ 75 0 0 
Excavations on Roman Sites 

in Britain ........sceseeseeeees 5 0 0 
Age of Stone Circles.........+.. 30 0 0 
Researches in Crete..........++ 70 0 0 
The Ductless Glands ......... 35 0 0 
Electrical Phenomenaand Me- 

tabolism of Arum Spadices 10 0 O 
Reflex Muscular Rhythm...... 10 0 O 
AN®StheticS ........scercscsecees 25 0 0 
Mentaland Muscular Fatigue 27 0 0 
Structure of Fossil Plants... 5 O O 
Botanical Photographs......... 10 0 0 
Experimental Study of 

Heredity........ecsesssscesesees 30 0 0 
Symbiosis between Tur- 

bellarian Worms and Alge 10 0 0 
Survey of Clare Island......... 65 0 0 
CurriculaofSecondarySchools 5 0 O 
Corresponding Societies Com- 

mittee....... Wot ava xsiesaa's Foon CLOW) 

£1014 9 9 
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REPORT OF THE COUNCIL, 1908-1909. 


I. Dr. T. G. Bonney, F.R.S., has been unanimously nominated by 
the Council to fill the office of President of the Association for 1910 
(Sheffield Meeting). 

Mr. Francis Darwin, F.R.S., President, represented the Association 
at the Commemoration by the University of Cambridge of the 
Centenary of the Birth of Charles Darwin. 

Dr. Augustus D. Waller, M.D., F.R.S., represented the Association 
at the Celebration of the 350th Anniversary of the foundation of the 
University of Geneva. 

Sir J. Crichton Browne, M.D., LL.D., F.R.S., represented the 
Association at the Public Health Congress at Leeds. 


II. The Council adopted a Rrsouurion expressing the sympathy 
of the Association, through the General Secretaries, with the widow of 
the late Mr. J. Lomas, who was Recorder of Section C at the time of 
his death. 


III. The following Nominations are made by the Council :— 

Conference of Delegates.—Professor A. C. Haddon (Chairman), 
Mr. F. W. Rudler, I.8.0. (Vice-Chairman), Mr. W. P. D. Stebbing 
(Secretary). 


Corresponding Societies Committee.—Mr. W. Whitaker (Chairman), 
Mr. W. P. D. Stebbing (Secretary), Rev. J. O. Bevan, Sir Edward 
Brabrook, Dr. J. G. Garson, Dr. E. H. Griffiths, Mr. T. V. Holmes, 
Mr. J. Hopkinson, Mr. A. L. Lewis, Professor R. Meldola, Dr. H. R. 
Mill, Mr. F. W. Rudler, Rey. T. R. R. Stebbing. 


IV. A preliminary Report has been received from the CorrE- 
SPONDING SOCIETIES COMMITTEE. 


The Report contained the following paragraph :— 

‘ The Committee desire to bring before the Council the unofficial posi- 
tion of the Chairman of the Conference of Delegates. They 
suggest that he should be ez officio a member of the Com- 
mittee of Recommendations, and therefore in a similar posi- 
tion to the Presidents of Sections. ’ 


The Council resolved to promulgate an amendment of the Rules, giving 
effect to the above suggestion, and in the meantime to invite the Chairman 
to be present at the meeting of the Committee of Recommendations. 


V. A Resouution, referred to the Council by the General Committee 
at Dublin, has been received 


From Sections A and E jointly :— 


‘That the Council should approach the Board of Agriculture with 

a view of ascertaining whether it is not possible for the 

Director-General of the Ordnance Survey of Great Britain 

and Ireland to undertake the remeasurement of the two 

' principal ares (meridional and longitudinal) as part of the 
current work of his department.’ 
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Major C. F. Close submitted for the approval of the Council a draft 
letter addressed to the Secretary of the Board of Agriculture, to be 
signed by the President. This letter, with emendations, was approved, 
and ordered to be transmitted. It read as follows :— 


British Association for the Advancement of Science, 
Burlington House, London, W. 
November 14th, 1908. 
Sis Tuomas Henry Euiort, K.C.B., 


Secretary of the Board of Agriculture and Fisheries, 
4, Whitehall Place, S.W. 


Sir,—I desire, on behalf of the Council of the British Association for 
the Advancement of Science, to represent to you, for the information of 
the President of the Board of Agriculture and Fisheries, that the Council 
have been requested by the Association to approach Lord Carrington, 
with a view to ascertaining whether it may not be possible for the 
Director-General of the Ordnance Survey to undertake the remeasure- 
ment of the two principal British arcs, meridional and longitudinal, as 
part of the current work of the Ordnance Survey. 

The reasons which induce the Council to suggest the remeasurement 
are these :— 

The principal triangulation of the United Kingdom, which is an 
excellent piece of work, considering that its mean date is about 1835, is, 
as compared with modern triangulations, below the standard now re- 
quired for use in determining the Figure of the Earth. Making allow- 
ance for the fact that the triangulation is in the form of a net-work and 
not of a chain, it is thought that the errors in length and position are 
about twice as large as those of modern chains. It is not, however, easy 
to predict the magnitude of the errors of the British triangulation as 
compared with those of modern work; and the Council would suggest, 
for Lord Carrington’s consideration, that it would be well, before 
definitely assuming that a remeasurement is desirable, to cause a 
section of the older portion of the triangulation, forming part of the 
meridional arc between the Shetland Islands and the Straits of Dover, 
to be remeasured with modern instruments. 

The Council would further suggest that the experimental measure- 
ment should be undertaken by the existing staff of the Ordnance Survey, 
as opportunity offers; and, if Lord Carrington approves of the sug- 
gestion, the Council may be in a position to offer his Lordship the loan 
of a modern theodolite suitable for use in refined geodetic operations. 

The Council desire to point out that their motive in venturing to put 
forward these suggestions is solely tne scientific value of the remeasure- 
ment. They are aware that, for all practical map-making purposes, the 
existing triangulation is of quite sufficient accuracy ; whilst they realise 
the high character of the work of the old observers and the importance 
of Colonel Clarke’s discussion of that work. 

IT am, Sir, 
Yours faithfully, 
(Signed) Francis Darwin, 
President of the British Association. 
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The Board of Agriculture having approved of Colonel 8. C. Grant, of 
the Ordnance Survey Office, conferring with representatives of the 
Association and of the Royal Society on this matter, Sir David Gill and 
Major E. H. Hills were nominated to represent the Association. 


VI. A Resouution, referred to the Council by the General Com- 
mittee at Dublin, has been received 


From Section A':— 


‘That the Committee of Section A has received with interest 
information respecting the Meteorological and Astronomical 
Observatory at Bulawayo, and desires the Council to inform 
the Chartered Company of the importance, from the scien- 
tific point of view, attached to the continuance of the 
observations, and to express the hope that the Chartered 
Company will see their way to continue the financial 
support to the Observatory.’ 


The Assistant Secretary was instructed to forward the Resolution, 
with the approval of the Council, to the Board of Directors of the 
British South Africa Company. 


VII. A Resonvution, referred to the Council by the General Com- 
mittee at Dublin, has been received 


From Section D :— 


‘That the Council be requested to communicate a Resolution of 
Section D relating to Zoological Nomenclature to the Inter- 
national Commission on Nomenclature and to certain 
British scientific societies.’ 


On the motion of Professor Herdman, a Committe, consisting of 
Dr. 8. F. Harmer, Mr. G. A. Boulenger, Professor E. B. Poulton, 
Dr. W. E. Hoyle, Rev. T. R. R. Stebbing, Dr. A. Smith Woodward, 
Mr. E. T. Newton, and the General Officers, was appointed to consider 
this Resolution and to report to the Council. The Committee reported 
as follows :— 


‘The Committee appointed to report on the Resolutions submitted 
by Section D to the Council wish to endorse the action of 
Section D. 

‘ They recommend that Resolutions (i), (ii), and (iii) be sent to the 
International Commission on Scientific Nomenclature and 
to the chief British zoological societies, accompanied by a 
reprint of the manifesto published in ‘‘ Nature,’’ and re- 
ferred to in Resolution (i). 


‘ The Committee wish to inform the Council that this reeommenda- 
tion was supported by Dr. S. F. Harmer, Dr. W. E. Hoyle, 
Mr. E. T. Newton, and Dr. A. Smith Woodward; and that 
Mr. T. R. R. Stebbing dissented from it.’ 


Tt was resolved: 


‘That the Council of the British Association desire to draw the 
attention of the International Commission on Zoological 
Nomenclature and the chief British zoological societies to 
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the Resolutions adopted by the Committee of Section D 
(Zoology) at the Dublin Meeting of the British Association 
in September 1908.’ 


VIII. A Resouvtion, referred to the Council by the General Com- 
mittee at Dublin, has been received 


From Section H, supported by Section E :— 


“That the Council of the British Association be requested to lend 
their support to the project for an Imperial Bureau of 
Anthropology set on foot by the Royal Anthropological 
Institute. A memorial in favour of the scheme has already 
been numerously signed by distinguished Indian and 
Colonial administrators, heads and parliamentary repre- 
sentatives of universities, principals of university colleges, 
anthropologists, directors of steamship companies, leading 
manufacturers, and heads of other mercantile enterprises ; 
and it will be presented to the Chancellor of the Exchequer 
in the coming session of Parliament by a deputation com- 
posed of some of the chief signatories.’ 


The Resotution was adopted by the Council; and-it was agreed that 
the signature of the President should be affixed to the Memorial. 


TX. A Resouurioy, referred to the Council by the General Committee 
at Dublin, has been received 


From Section L:— 


(i) ‘ That, in the opinion of this Committee, it is desirable that 
the Committee of Recommendations should meet on Tuesday 
afternoon with a view to the consideration of the Papers 
recommended by Sectional Committees to be printed in 
extenso in the Annual Report. 

(ii) “That 1,000 reprints of the Report presented this year upon 
Practical Studies in Elementary Schools, with the intro- 
duction prepared by Sir Philip Magnus, be supplied to the 
Secretary of the Committee for distribution. 

(i) “That 500 reprints of the Report presented this year upon 
the Sequence of Science Studies in Secondary Schools be 
supplied to the Secretary of the Sub-Committee for dis- 
tribution.’ 


. The Council rejected the proposal made in the first paragraph, and 
_ Were informed that the General Committee at Dublin had already given 
_ its assent to the requests made under paragraphs (ii) and (iii). 


X. A Resonurion, referred to the Council by the General Com- 
mittee at Dublin, has been received. 


From the Conference of Delegates :— 


“That Conference desires to represent to the Committee of Recom- 
mendations that whenever a Committee of the British 
Association enters upon a local investigation, notice should 
be given to any local scientific or archzological society, so 
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as to enable that Society to offer any co-operation that may 
be desirable.’ 


The Council approved this proposal and of Sir Edward Brabrook’s 
suggestion that, if necessary, a copy of the Resolution should be sent to 
the Chairman of each Research Committee. 


XI. The following Resonution adopted by the Corresponding 
Societies Committee at a Special Meeting has been submitted by Sir 
Edward Brabrook :— 


‘That the Corresponding Societies Committee should, as a matter 
of urgency, ask for power from the Council of the British 
Association to extend its work for this purpose—i.e., to 
endeavour to obtain financial assistance in the work of 
printing and publishing the results of original investigations 
—to all the purely scientific societies in the Kingdom pub- 
lishing original investigations. ’ 


Sir Edward explained that the object of the proposed inquiry was to 
ascertain whether the publishing activity of the societies is being crippled 
(and, if so, to what extent) for want of sufficient means to enable them 
to print and publish all the original work carried out by their members 
or fellows. 


The Council authorised the Corresponding Societies Committee to 
undertake -the inquiry and to extend its scope to all societies in the 
United Kingdom. 


XII. Recommenpations, received by the General Committee at 
Dublin and referred to the Council, were dealt with as under :— 


(i) It was agreed that the following Committees be authorised to 
receive contributions from sources other than the Association 
—namely, the Committee ‘To conduct Explorations with 
the object of ascertaining the Age of Stone Circles ’ (Section 
H), and the Committee on ‘ The Effect of Climate upon 
Health and Disease ’ (Section I). 


(ii) It was agreed that Section G be authorised to publish the Report 
of their Committee on ‘ Gaseous Explosions ’ in such public 
journals as may seem desirable. 


(ii) It was agreed that, in accordance with the recommendation of 
the Committee of Section H, the Report of the Anthropo- 
metric Committee be printed in full in the Dublin Report, 
with the addition of the illustrations from the blocks in the 
possession of the Association. 


(iv) Following a request from the Committee of Section A, recom- 
mending that the Reports of the Electrical Standards 
Committee from 1862 onwards be reprinted and published 
as 2 Memorial to the late Lord Kelvin, it was resolved that: 


‘'The Council will recommend, at the Winnipeg Meeting, 
that the Reports of the Electrical Standards Committee be re- 
published in book form, by the Cambridge University Press 
as a Memorial of the late Lord Kelvin.’ 
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XIII. On the proposal made at the meeting of the General Com- 
mittee, September 9, 1908, ‘That for future Annual Meetings the 
abstracts of Sectional Transactions should be printed and bound in 

_ pamphlet form, Section by Section, and published collectively within 
two months after the British Association Meeting, at a moderate price,’ 
the Treasurer reported that on investigation it appeared improbable that 
the cost of carrying out the proposal would be covered by the receipts, 
that there would be difficulty in making up complete sets of the abstracts 
within two months of the Meeting, and that it was not desirable to make 
any such experiment at a Colonial Meeting. He proposed that the matter 
should stand over until next year, and that in 1910 unbound sets of the 
abstracts printed before the Meeting should be made up for each Section 
and put on sale on and after the last day of the Annual Meeting. 


The Report and proposals were adopted. 


XIV. The Council have authorised Section K (Botany) to form a 
SuB-SEcTION FoR AGRICULTURE for the Winnipeg Meeting, with a Chair- 
man, Vice-Chairmen, and Secretariat to deal with its transactions. 


XY. The Council have received reports from the General Treasurer 
during the past year. His Accounts from July 1, 1908, to June 30, 
1909, have been audited and are presented to the General Committee. 


XVI. In accordance with the Regulations, the retiring Members of 
the Counci are :— 


(i) Retiring by seniority: Professor G. C. Bourne, Charles 
Hawksley, Professor W. W. Watts. 

(ii) Retiring by least attendance: Professor A. R. Forsyth (re- 
signed during the year), Professor J. G. McKendrick. 


The Council nominated the following new members:—Dr. H. E. 
Armstrong, Dr. J. J: H. Teall, and Sir John Wolfe-Barry, K.C.B., 
leaving two vacancies to be filled up by the General Committee without 
nomination by the Council. 


XVII. The General Officers have been nominated by the Council for 
reappointment. 


XVIII. A Committee of the Council, consisting of the President, the 
President-Elect, the General Officers, Sir Archibald Geikie, Sir Edward 
Brabrook, Mr. Vernon Harcourt, and Dr. Carey Foster, was appointed 
to consider a letter of resignation from Mr. A. Silva White, Assistant 
Secretary, and, if necessary, to select and recommend a successor to 
this office, with the result that Mr. White’s resignation was accepted, 
and that Mr. O. J. R. Howarth was appointed to the Assistant 
Secretaryship from February 8, 1909. 


XIX. The following have been admitted as Members of the 
GeveraL ComMITTEE :— 


. 
. 


Arnold-Bemrose, H. H., Sc.D. Heller, W. M., B.Sc. 

Beadnell, H. J. Llewellyn. Holt, Alfred, jun., B.A., M.Sc. 
Bigg-Wither, Col. A. C., F.R.A.S. Marchant, Prof. E. W., D.Sc. 
Clarke, Miss Lilian J., F.L.S. Thomas, Miss KE. N. 

Dixon, Ernest. Thorpe, Jocelyn F., Ph.D., F.R.S 


Hastings, Geoffrey. Woolacott, David, D.Sc. 


Cxxiv GENERAL TREASURER’S ACCOUNT. 
Dr. THE GENERAL TREASURER’S ACCOUNT, 
1908-1909. RECEIPTS. 
& #.°~a. 
Balance brought forward .......sseseaee Ficawaaedcheaehieseslalletshsinte 518 17 5 
Life Compositions (including Transfers) ..........:..:sesesseeeeees 439 0 0 
New Annual Members’ Subscriptions ......cescseececeeeeeeeeeeenee 266 0 O 
Annual Subscriptions .........ccsssscsscsceenccecececcscesense sesceeees 701 0 0 
Sale of Associates’ Tickets ..........:000+ secscssssscecscscscvercsosees 1,155 O 0 
Sale of Ladies’ Tickets ...........secssscssesscececscsessscssscveccrsceses 221 0 O 
Sale of Publications ..........cccocccecessesovcncecssccnesssssossoscanense 221 19 11 
Dividend on Consols..........s.sccccccscccssccececsessessesarcesvccescoase 154 8 4 
Dividend on India 3 per Cents. ......scecesesesenseneneeeeeseessueence 102 12 0 
Great Indian Peninsula Railway ‘ B’ Annuity........-..:..se0eee 49 11 0 
Interest on Deposit .....cececeeseeceeeees deesescovovesyss nCsEaUandoogaG 15 10 11 
Unexpended Balances returned :— Ey Ss ads 
Bessel Functions ......ccscceccesecesccessccesererees LSAT a8 
Fauna and Flora of British Trias ............ 8" 7, 36 
Structure of Fossil Plants ............seseeeeseees 1 Tet ae 
Age of Stone Circles ..........sceessenseseeesseees ee | 
Corresponding Societies Committee............ 110 5 
Anthropometric Investigations in the British 
NSIC aay cpr sapemccsbaviienes ties sesistedienne cena ns 0 
Pre-Devonian Rocks ......sccscssceeceeeeeeseeeees 13 0 
Marsh Vegetation .........ssssscccrerssessversere 4 12 2 
Electrical Standards ....... Peden caroetiact sen esiare 1 0.4 
28 8 2 
haan, 
ae ee a A : 
£3,873 7 9 
Investments. 
£ 8. ad. 
2% per Cent. Consolidated Stock ....ecsssseeeee 6,501 10 5 
India 3'per:Cent. Stock 10... .sscssacscercsoosecss 3,600 0 0 
£73 Great Indian Peninsula Railway ‘B’ 
Annuity (Cost) .........ssce0e sevneesouversvenesne 1,493 6 6 
5 . 11,594 16 11 
Sir Frederick Bramwell’s Gift :— 
2} per Cent. Self-cumulating Consolidated 
Stock wscitasessscnyeseces FEED COUGCUCDENICONoO NCC 67 42 
£11,662 1 0 
SS ee 
JOHN PERRY, Zreasurer. : 


1908-1909. 
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from July 1, 1908, to June 30, 1909. Cr. 
PAYMENTS. 
£ & a 
Rent and Office Expenses .....csccsssssecsecssssscsscseccseeeeesssnese 138 3 5 
Salaries, &C.  ..cssecssseesseeees ee owsneaietsesbdtachattieeeertedtass OTOL. ONS 
Printings Binding, &C. ...1..s0sqiaeeseee appease 50,1629 2116 
Expenses of Dublin Meeting .................... 272. 5 8 
Payment of Grants made at Dublin: 
Seismological Observations........ 
Investigation of the Upper Atmosphere by means of 
1010) Sor DOanOCOnbte: c aerate aislesecinncsieatasetes LOs40 "0 
Magnetic Observations at Falmouth - E OnDEOD kinase ate . 60°00 0 
Establishing a Solar Observatory in Australia SOC dSC 50 0 0 
Wave-length Tables of Spectra ....... £16 0 
Study of Hiyaigeavoninite Substances . ‘ - 15 0 0 
DynaAMicIROMeTISHD) gasis cis aves cjetsteancees 35 0 0 
Transformation of Aromatic Nitramines simeinieieeniaercetren LON Un ae 
Electroanalysis .........sesee08 Re delocstnievtdssweswasal 280. IGi0 
Fauna and Flora of British Trias .............. mee 8 0 0 
Faunal Succession in the Carboniferous Limestone in 
GHELBritish ERles say enews aciscsericie sete ieee nice 8 0 0 
Palzozoic Rocks of Wales ‘and the West of England ace a O70 
Igneous and Associated Sedimentary Rocks of Glensaul 1113 9 
Investigations at Biskra ......cccccecececccccceecseeces ju 0 0 
Table at the Zoological Station at Naples nies ate Sretetetola tes 100 0 0 
Heredity Experiments ..........csscecceceee Ja LORS ONO, 
Feeding Habits of British Birds. Seda i Oe 
Index Animalium shits dag vnin.e sole SicdGnloaaweemeceta es cone TE IDO 
Investigations in the Indian Ocean. seececnccerseMaces (30 0 O 
Gaseous Explosions .......csccccccccecccecs Podendtodiy ibe Oe) 
Excavations on Roman Sites in ‘Britain pislceiniate sia Fcqoor) ple Aue 
AP eIOf Stone OTOlEs  clefeinceainisie cisisiien eins cieuisise cares) 30) 0) 0 
Researches in Crete ..... Bie o wis e's \s\e/sleisicieislale'eielete'ejefaisio nt Oun O10 
He Doetless) Glands jeje ica sla:s eet ws vies Geile djcisleienic 35 0 0 
Electrical Phenomena and Metabolism of Ar um Spadices 10 0 0 
Refiex Muscular Rhythm ........... 10 0 0 
AT SUNPLICH oraistacteaceieieleja sistaisietcaiee sch ois 25 0 U 
Mental and Muscular Fatigue reheeae “ ° ony ah Me 
Structure of Fossil Plants .... 5 0 0 
Botanical Photographs ... 10 0 0 
Experimental Study of Her edity . 30 0 0 
Symbiosis between Turbellarian Worms and Algz...... 10 0 0 
Survey of Clare Island ............ Vale eiaaieaield sGensaeny . GB. One® ° 
Curricula of Secondary Schools... winetdstueieielelsvalursfees acre 5 0 0 
Corresponding Societies Oommittee........seeecececees 21), 0)_.0 
1014 9 9 
Peale 0 
Balance at Bank of England Ces £ os da. 
Iie OTe) Eaente acoacorecrrecnadecoosercocerenedaeanae e kcbtaiedie toe (H 
Less Cheques not presented.........s.csaveceseenes 9313 9 
———— 542 0 9 
£3, 87 Baie Comat 


I have examined the above Account with the Books and Vouchers of the Associa- 


tion, and certify the same to be correct. 


I have also verified the Balance at the 


Bankers’, and have ascertained that the Investments are registered in the names 


of the Trustees. 


In addition to the sums accounted for above, there had been 


received £290 at June 30, 1909, on account of the Winnipeg Meeting, which will be 
brought into next year’s account. 


Approved— W. B. KEEN, Chartered Accountant. 


. EDWARD BRABROOK . Fuly 16, 1909. 
HERBERT MCLEOD, | Auditors, y 
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GENERAL MEETINGS AT WINNIPEG. 


On Wednesday, August 25, at 8.30 p.m., in the Walker Theatre, a 
letter from the retiring President, Dr. Francis Darwin, F.R.S., having 
been read, Professor Sir J. J. Thomson, F.R.S., took the Chair and 
delivered an Address, for which see p. 3. 

On Thursday, August 26, at 8.30 p.m., in the Walker Theatre, 
Dr. A. E. H. Tutton delivered a Discourse on ‘The Seven Styles of 
Crystal Architecture.’ 

On Friday, August 27, at 9 p.m., his Honour the Lieutenant-Governor 
held a Reception at Government House. ‘ 

On Monday, August 30, at 9 p.m., a Conversazione was held at the 
Royal Alexandra Hotel. 

On Tuesday, August 31, at 8.30 p.m., in the Walker Theatre, Pro- 
fessor W. A. Herdman, F.R.S., delivered a Discourse on ‘Our Food from 
the Waters.’ 

On Wednesday, September 1, at 3 p.m., the concluding General 
Meeting was held in the Legislative Chamber, when the following 
Resolutions were adopted :— 


1. That a cordial vote of thanks be given to the Governments of the 
Dominion of Canada and the Province of Manitoba and to the City of 
Winnipeg for the generous support which has enabled the Association to 
hold its meeting in Winnipeg. 

2. That a cordial vote of thanks be given to the Mayor, the Con- 
trollers, and the City Council of Winnipeg for the reception which they 
have accorded to the British Association and for the facilities placed at 
the disposal of the officers of the Association. 

3. That a cordial vote of thanks be~ given (1) to the Local Executive 
Officers and Committees for the admirable arrangements made for the 
meetings ; (2) to the public institutions which have granted the use of 
their buildings for sectional proceedings ; and (3) to the proprietors and 
managers of works thrown open to the inspection of the members. 

4. That the grateful thanks of the Association be given to the citizens 
of Winnipeg for the generous hospitality shown to its members on the 
occasion of this meeting. 


OFFICERS OF SECTIONAL COMMITTEES PRESENT AT 
; THE WINNIPEG MEETING. 


SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE, 


President.—Prof. E. Rutherford, F.R.S.  Vice-Presidents.—Prof. E. W. 
Brown, F.R.S. ; Prof. E. W. Hobson, F.R.S.; Prof. Sir Joseph Larmor, Sec.R.S. ; 
Prof. J. C. McLennan; Dr. W. N. Shaw, F.R.S.  Secretaries.—Prof. A. W. 
Porter, B.Sc. (Recorder); Prof. F. Allen, Ph.D.; Prof. J. C. Fields; E. Gold, 
M.A.; F. Horton; Dr. A. A. Rambaut, F.R.S. 


SECTION B.—CHEMISTRY. 


President.—Prof. H. E. Armstrong, F.R.S. Vice-Presidents——Prof. F. S. 
Kipping, F.R.S.; Prof. W. A. Noyes; Prof. M. A. Parker, B.Sc.; Prof. W. P. 
Wynne, F.R.S.  Secretaries.—Dr. E. I’. Armstrong (Recorder); Dr. T, M. Lowry; 
Dr. F. M. Perkin; J. W. Shipley, B.A. 
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SECTION C.—GEOLOGY, 


President.—Dr. A. Smith Woodward, F.R.S. Vice-Presidents—Prof, F. D. 
Adams, F.R.S.; Prof. A, P. Coleman, Ph.D.; Prof. J. W. Gregory, F.R.S.; 
Prof. W. C. Miller; A, Strahan, F.R.S, Secretaries——W. Lower Carter, M.A. 
(Recorder); A. R. Dwerryhouse, D.Sc.; R. T. Hodgson, M.A.; Prof. 8. H. 
Reynolds, M.A. 


SECTION D.—ZOOLOGY. 


President.—Dr. A. KE. Shipley, F.R.S. Vice-Presidents.—J. Stanley Gardiner, 
F.R.S.; E. 8S. Goodrich, F.R.S.; Prof. A. B. Macallum, F.R.S.; Prof. E. E. 
Prince. Secretaries —H. W. Marett Tims, M.A., M.D. (Recorder); C. A. Baragar ; 
C. L. Boulenger; Dr. J. Pearson. 


SECTION E.—GEOGRAPHY. 


President.—Colonel Sir Duncan Johnston, K.C.M.G., C.B., R.E.  Vice- 
Presidents.—Dr. Tempest Anderson; Colonel A. C. Bigg-Wither. Secretaries. — 
G. G. Chisholm, B.Sc. (Recorder); J. McFarlane, M.A.; A. McIntyre, B.A. 


SECTION F.—ECONOMIC SCIENCE AND STATISTICS, 


President.—Prof. S.J. Chapman, M.A., M.Com. Vice-Presidents.—Dr. James 
Bonar; Prof. A. L. Bowley, M.A.; Major P. G. Craigie, C.B. Secretaries.— 
Dr. W. R. Scott, M.A. (Recorder); Prot. A. B. Clark, M.A.; W. A. Manahan, 
Ph.D. 


SECTION G.—ENGINEERING. 


President.—Sir W. H. White, K.C.B., F.R.S.  Vice-Presidents,—Lieut.-Col. 
W. P. Anderson ; Colonel H. N. Ruttan; J. E. Schwitzer; Colonel Sir O. M.. 
Watson, K.C.M.G., C.B., R.E. Secretaries—W. A. Price (Recorder); BE. FE. 
Brydone-Jack, B.A.; Prof. E, G. Coker, D.Sc.; Prof. E. W. Marchant, D.Sc. 


SECTION H.—ANTHROPOLOGY. 


President.—Prof. J. L. Myres, M.A., F.S.A. Vice-Presidents.—Dr. F. Boas ; 
Rev. Dr. G. Bryce, P.R.S.C.; E. Sidney Hartland, F.S.A.; Prof. G@. G. MacCurdy. 
Seeretaries—H. 8. Kingsford, M.A. (Recorder); Prof. C. J. Patten, M.D.; 
Dr, F. C. Shrubsall. 


SECTION I.— PHYSIOLOGY. 


President.—Prof. E. H. Starling, F.R.S. Vice-Presidents.—Prof. A. R. Cushny, 
F.R.S.; W. B. Hardy, F.R.S.; Prof. A. B. Macallum, F.R.S.; Dr. A. D. Waller, 
F.R.S. Secretartes.—N. H. Alcock, M.D. (Recorder) ; Prof. P. I’. Herring, M.D. ; 
W. Webster, M.D. 


SECTION K,—BOTANY, 


President.—Lieut.-Col. D. Prain, C.LE., F.R.S.  Vice-Presidents.—Prof, 
D. H. Campbell; Harold W. T. Wager, F.R.S.  Seeretaries.—Prot. R. H. 
Yapp, M.A. (Recorder); Prof. A. H. Reginald Buller, D.Se.; Prof, D. T, 
Gwynne- Vaughan, M.A. 
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SUB-SECTION.—-AGRICULTURE. ° 


Chairman.—Major P. G. Craigie, C.B. Vice-Chairman.—Prof. W. Somer- 
ville, D.Se. Secretaries.— Dr. E. J. Russell (Recorder); W. J. Black, B.S.A. ; 
Prof. James Wilson, M.A. 


SECTION L.—EDUCATIONAL SCIENCE. 


President.—Rev. Il. B. Gray, D.D. Vice-Presidents.—W. M. Heller, B.Sc. ; 
Dr. C. W. Kimmins; Dr. Hugo Munsterberg; Dr. J. W. Robertson, C.M.G. 
Secretaries —J, L. Holland, B.A. (Recorder); W. D. Eggar, M.A.; R, Fletcher, 
M.A.; Hugh Richardson, M.A. 


COMMITTEE OF RECOMMENDATIONS. 


The President and Vice-Presidents of the Association; the General Secretaries ; 
the General Treasurer; the Trustees; the Presidents of the Association in 
former years; Prof. EK. Rutherford; Prof. J. H. Poynting; Prof. H. E. 
Armstrong; Dr. E. F. Armstrong; Dr. A. Smith Woodward; W. Lower 
Carter; Dr. A. E. Shipley; Dr. H. W. Marett Tims; Colonel A. C. Bigg- 
Wither; G. G. Chisholm; Prof. 8. J. Chapman; Prof. A. B. Clark; Sir 
W. H. White; W. A. Price; Prof. J. L. Myres; E. Sidney Hartland; 
Prof. E. H. Starling; Prof. A. R. Cushny ; Colonel D, Prain; Major P. G. 
Craigie; Rey. Dr. H. B. Gray ; and J. L. Holland, 
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ResEarCH CoMMITIEEs, irc., APPOINTED BY THE GENERAL ComMITTEE 


AT THE WINNIPEG Meeting: Aucusr 1909. 


1. Receiving Grants of Money. 


Subject for Investigation, or Purpose 


Members of Committee 


| To carry out a further portion of 
the Geodetic Arc of Meridian 
North of Lake Tanganyika. 


| To républish Reports of the Elec- 
trical Standards Committee in 
book form, as a memorial of the 
late Lord Kelvin. 


RECOMMENDED BY COUNCIL. 


Chairman.—Sir George Darwin. 
Secretary.—Sir David Gill. 
Colonel Close and Sir Geo. Goldie. 


Dr. R. T. Glazebrook. 
(No Committee appointed.) 


Secrion AA—MATHEMATICS AND PHYSICS. 


Seismological Observations. 


To co-operate with the Committee 
of the Falmouth Observatory 
iu their Magnetic Observations. 


To aid the work of Establishing 
a Solar Observatory in Australia. 


Investigation of the Upper Atmo- 
sphere, 


i RE 


1909. 


Chairman.—Professor H H.Turner. | 

Secretary.—-Dr. J, Milne. 

Dr. T. G. Bonney, Mr. C. V. Boys, 
Mr. Horace Darwin, Major L. 
Darwin, Professor J. A. Ewing, 
Dr. R. T. Glazebrook, Mr. M. 
H. Gray, Professors J. W. 
Judd, C. @. Knott, and R. 
Meldola, Mr. R. D. Oldham, 
Professor J. Perry, Mr. W. 
E. Plummer, Professor J. H. 
Poynting, Mr. Clement Reid, 
and Mr. Nelson Richardson. | 


Chairman.—Sir W. H. Preece. 

Secretary.—Dr. R. 'T, Glazebrook. 

Professor W. G. Adams, Captain 
Creak, Mr. W. L. Fox, Professor 
A. Schuster, Sir A. W. Riicker, 
and Dr. Charles Chree. 


Chairman.—Sir David Gill. 

Secretary.—Dr. W. G. Duffield. 

Dr. W. J. S. Lockyer, Mr. F. 
McClean, and Professors A. 
Schuster and H. H, Turner. 


Chairman.—Dr. W. N. Shaw. 

Secretary.—Mz. E. Gold. 

Mr. D. Archibald, Mr. C. Vernon 
Boys, Mr. C. J. P. Cave, Mr. | 
W.H. Dines, Dr. R. T. Glaze- | 
brook, Professor J. E. Petavel, 
Dr. A. Schuster, Dr. W. Wat- | 


son, and Sir J. Larmor, | 


100 


60 


to 
ce 


50 


00 


00 


00 


00 


00 
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1. Receiving Grants of Money—continued. 


Subjeet for Investigation, or Purpose | Members of Committee Grants | 
Section B.—CHEMISTRY. 
| B78. 
The Study of Hydro-aromatic Sub- | Chairman.—Dr. EB. Divers. 25 00 
stances. Secretary.—Professor A. W. Cross- 
ley. 
Professor W. H. Perkin, Dr. M. O. 
Forster, and Dr. Le Sueur. 
Dynamic Isomerism. Chairman.—Professor H. E. Arm- | 35 00 
strong. 
Seceretary.—Dr. T. M. Lowry. 
Professor Sydney Young, Dr. Desch, 
Dr. J. J. Dobbie, Dr. A. Lap- 
worth, and Dr. M, O. Forster. 
The Transformation of Aromatic | Chairman.—Professor F. 8. Kip- 15 00 
Nitroamines and allied sub- ping. 
stances, and its relation to Sub- | Seevetary.—Professor K.J.P.Orton. 
stitution in Benzene Deriva- | Dr.S. Ruhemann, Dr. A. Lapworth, 
tives. and Dr. J. T. Hewitt. 
Electroanalysis. Chairman.—Professor F. §. Kip- | 10 00 
ping. 
Secretary.—Dr. F. M. Perkin. 
Dr. G. T. Beilby; Dr. T. M. Lowry, 
Professor W. J. Pope, and Mr. 
H. J. 8. Sand. 
Section C.—GEOLOGY. 
To investigate the Erratic Blocks | Chairman.—Mr. R. H. Tiddeman. 10 00 
of the British Isles, and to take Secretary.—Dr. A. R. Dwerryhouse. 
measures for their preservation. | Dr.T.G. Bonney, Mr. F. M. Burton, 
Mr. F. W. Harmer, Rev. S. N. 
Harrison, Dr. J. Horne, Mr. W. 
Lower Carter, Professor W. J. 
Sollas, and Messrs. J. W. Stather 
and W. T. Tucker. 
To enable Mr. E. Greenly to com- | Chairman.—Mr. A. Harker. Oe) 
plete his Researches on the | Seerctary.—Mr. E. Greenly. 
Composition and Origin of the | Dr. J. Horne, Dr. ©. A. Matley, 
Crystalline Rocks of Anglesey. and Professor K. J. P. Orton. 
To enable Dr. A. Vaughan to | Chairman.—Professur J. W. Gre- | 10 00 
continue his Researches on the gory. 
Faunal Succession in the Car- | Secretary.—Dr. A. Vaughan. 
boniferous Limestone in the | Dr. Wheelton Hind and Professor 
British Isles. W. W. Watts. 
To excavate Critical Sections in | Chairman.—Professor ©. Lap-| 10 00 
the Paleozoic Rocks of Wales worth. 
and the West of England. Secretary —Mr. W. G. Fearnsides. 


Dr. J. E, Marr, Professor W. W. 
Watts, and Mr. G. J. Williams. 
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1. Receiving Grants of Money—continued. 
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Subject for Investigation, or Purpose 


Members of Committee 


To investigate the Microscopical 
and Chemical Composition of 
Charnwood Rocks. 


The Investigation of Igneous and 
Associated Rocks of Glensaul 
and Lough Nafooey Areas, Co. 
Galway. 


To investigate and report on the 
Correlation and Age of South 
African Strata and on the ques- 
tion of a Uniform Stratigraphi- 
cal Nomenclature. 


The Collection, Preservation, and 
Systematic Registration of 
Photographs of Geological In- 
terest. 


To investigate the Fossil Flora 
and:Fauna of the Midland 
Coalfields. 


SECTION 


To aid competent Investigators , 


Chairman. — Professor W. W. 
Watts. 

Secretary.—Dr. T. T. Groom. 

Dr. F. W. Bennett, Mr. C. Fox- 


Strangways, and Dr. Stracey. 


Chairman. — Professor W. W. 
Watts. 

Secretary.—Professor 8. H. Rey- 
nolds. 

Messrs. H. B. Maufe and C, I. 
Gardiner. 


Chairman.—Professor J. W. Gre- 
gory. 

Secretary.—Professor A. Young. 

Mr. W. Anderson, Professor R. 
Broom, Dr. G. 8. Corstorphine, 
Mr. Walcot Gibson, Dr. ¥. H. 
Hatch, Sir T. H. Holland, Mr. 
H. Kynaston, Mr. F. P. Mennell, 
Dr. Molengraaff, Mr. A. J. C. 
Molyneux, Mr. A. W. Rogers, 
Mr. E. H. L? Schwarz, and Pro- 
fessor R. B. Young. 


Chairman.—PFrofessor J. Geikie. 

Secretary. — Professor W. W. 
Watts. 

Dr. T. Anderson, Mr. G. Bingley, 
Dr. T. G. Bonney, Mr. H. Coates, 
Mr. C. V. Crook, Professor E. J. 
Garwood, Messrs. W. Gray, W. J. 
Harrison, R. Kidston, and A. 8. 
Reid, Professor §. H. Reynolds, 
and Messrs. J. J. H. Teall, R. 
Welch, and H. B. Woodward. 


Chairman.—Dr. A. Strahan. 

Secretary.—Dr. ¥. W. Bennett, 

Dr. Wheelton Hind, Mr. B. Hob- 
son, Mr. H. Bolton, and Dr. A. R. 
Dwerryhouse. 


D.— ZOOLOGY. 
Chairman.—Professor 8S. J. Hick- 


selected by the Committee to son 


carry on definite pieces of work | Secretary,—Rev. T. R. R. Stebbing. 


at the Zoological Station at Sir E. Ray Lankester, Professor 
Naples. A. Sedgwick, Professor W. C. 
McIntosh, Dr. 8. F. Harmer, Mr. 


G. P. Bidder, and Dr. W.B. Hardy. 


Chairman.—Dr. H. Woodward. 
Secretary.—Dr. F. A. Bather. 
Dr. P. L. Selater, Rev. T. R. R. 
Stebbing, Dr. W. E. Hoyle, the 
Hon. Walter Rothschild, and 
| Lord Walsingham, 


Compilation of an Index Generum 
et Specierum Animalium: 


15 00 


10 00 


75 00 


x 
or 
o 
o 


h2 
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RESEARCH COMMITTEES, 


1. Receiving Grants of Money—continued. 


Subject for Investigation, or Purpose | 


To enable Mr. Laurie to conduct 
Experiments in Inheritance. 


To investigate the Feeding Habits 
of British Birds by a study of 
the contents of the crops and 
gizzards of both adults and 
nestlings, and by the collation 
of observational evidence, with 
the object of obtaining precise 
knowledge as to the economic 
status of many of our commoner 
birds affecting rural science. 


To investigate the Fauna of the 
Prairie Provinces of Canada. 


Section F,—ECONOMIC SCIENCE AND STATIS 


The Amount of Gold Coinage in 
Circulation in the United King- 
dom. 


Tne Amount and Distribution of 
Income (other than Wages) be- 
low the Income-tax exemption 
limit in the United Kingdom. 


> 


Members of Committee 


Chairman.— Professor W. A. 
Herdman. 

Secretary.—Mr. Douglas Laurie. 
Mr. R. C. Punnett and Dr. 


H. W. Marett Tims. 


Chairman.—Dr. A. E. Shipley. 

Secretary.—Mr. H, 8. Leigh. 

Messrs. J. N. Halbert, Robert 
Newstead, Clement Reid, A. G. 
L. Rogers, F. V. Theobald, Prof. 
F, E. Weiss, and Mr. C, Gordon | 
Hewitt. 


Y 


Chairman.—Prof, Swale Vincent. 
Seerctary.—Mr. G. KE, Atkinson. 
Prof. McBride, Mr. J. C. Simp- 
son, Rev. Dr. G. Bryce, and Dr. 
H. W. Marett Tims. 


Chairman.—Sir R. H. Inglis Pal- 
grave, 

Secretary.—My. H. Stanley Jevons. 

Professor Edgeworth and Messrs. 
A.L. Bowley and D.H.Macgregor, 


Chairman.—Professor E. Cannan, 

Secretary.—Professor A. L. Bow- 
ley. 

Mr. W.G. 8. Adams, Dr. W. R. 
Scott, and Professors F.Y. Edge- 
worth and H. B. Lees Smith. 


Srction G.—ENGINEERING. 


The Investigation of Gaseous Ex- 
plosions, with special reference 
to ‘Temperature. 


Chairman.—Sir W. H. Preece. 

Seeretaries—Mr. Dugald Clerk 
and Professor B. Hopkinson. 

Professors W. A. Bone, F. W. Bur- 
stall, H. L. Callendar, E. G. 
Coker, W. E. Dalby, and H. B. 
Dixon, Drs. R. T. Glazebrook, 
J. A. Harker, and H. S. Hele- 
Shaw, Colonel H. C. L. Holden, 
Mr. J. E. Petavel, Captain I. 
Riall Sankey, and Professors’ A. 
Smithells and W. Watson. 


Section H.—ANTHROPOLOGY. 


To investigate the Lake Villages 
in the neighbourhood of Glas- 
tonbury in connection with a 
Committee of the Somerset 
Archeological and Natural 
History Society. 


Chairman.—Dr. R. Munro. 

Secretary.—Professor W. Boyd 
Dawkins. 

Professor W. Ridgeway and Messrs. 
Arthur J. Evans, C. H. Read, 
H, Balfour, and A. Bulleid. 


Grants 


£ 
5 


1 


15 


TICS. 


6 


~ 
cr 


S50. 
00 


00 


00 


00 


00 


00 


ete 


| 


| 


| 


| 
| 
| 
| 
| 


RESEARCH COMMITTEES. 


1. Receiving Grants of Money—continued. 


~ had 
exxxili 


Subjett for Investigation, or Purpose 


| To cb-operate with Local Com- 


mittees in Excavations on 


Roman Sites in Britain. 


To conduct Explorations with the 
object of ascertaining the Age 
of Stone Circles. 


| To prepare a New Edition of Notes 


and (Queries in Anthropology. 


To conduct Archeological and | 


Ethnological Researches in 


Crete. 


To excavate Neolithic Sites in | 


Northern Greece. 


Members of Committee 


Chairman.—Professor J. L. Myres. | 


Secretary.—Professor R. C. Bosan- 
quet. 
Dr. 


Ridgeway. 


Chairman.—Mr. U. H. Read. 

Secretary:—Mr. H. Balfour. 

Lord Avebury, Professor W. Ridge 
way, Dr. J. G. Garson, Dr. A. J. 
Evans, Dr. R. Munro, Professor 
Boyd Dawkins, and Mr. A. bL. 
Lewis. 


Chairman.—Mr. C. H. Read. 

Secretary.—Professor J. L. Myres. 

Mr. E. N. Fallaize, Dr. A. C. Had- 
don, Mr. T. A. Joyce, and Drs, 
C. 8. Myers, W. H. BR. Rivers, 
C. G. Seligmann, and F. C. 
Shrubsall. 


Chairman.—Mr. D. G. Hogarth. 


Secretary.—Professor J. L. Myres. / 


Professor R. C. Bosanquet, Dr. 
W. L. H. Duckworth, Dr. A. J. 
Evans, Professor A. Macalister, 


Professor W. Ridgeway, and | 


Dr. ¥. C. Shrubsall. 


Chairmen.—Professor W. Ridge- 
way. 
Secretary.—Professor J. L. Myres. 


| Mr. J. P. Droop and Mr. D. G. 


Hogarth. 


Section I.—PHYSiIOLOGY. 


The Ductless Glands, 


Body Metabolism in Cancer. 


To aid competent Investigators 
selected by the Committee to 
carry on definite pieces of work 
at the Zoological Station at 
Naples, 


Chaiyman.—Professor Schifer. 

Secretary.—Professor Swale Vin- 
cent. 

Professor A. B. Macallum, Dr. L. B, 
Shore, and Mrs. W. H. Thompson. 


Chairman.—Professor C. 8. Sher- | 


rington. 
Secretary.— Dr. 8. M. Copeman, 


Chairman.—Professcr 8. J. Hick- 
son. 

Secretary.—Rev.T. R. R. Stebbing. 

Sir E. Ray Lankester, Professor 
A. Sedgwick, Professor W. C. 
McIntosh, Dr. S. F. Harmer, 
Mr, G. P. Bidder, and Dr. W. B. 
Hardy. 


'!. Ashby and Professor W, | 


30 


40 


79 


40 


20 


25 


00 


00 | 


00) 


00. 


00) 


0 9 | 


00 
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RESEARCH COMMITTEES. 


1. Receiving Grants of Money—continued. 


Subject for Investigation, or Purpose 


Members of Committee 


To acquire further knowledge, 
Clinical and Experimental, con- 
cerning Anesthetics—especially 
Chloroform, Ether, and Alco- 
hol—with Special Reference to 
Deaths by or during Anzesthesia, 
and their possible Diminution. 


| Tissue Metabolism, for the Inves- 
tigation of the Metabolism of 
Special Organs. 


Mental and Muscular Fatigue. 


| Electromotive Phenomena in 


Plants. 


globin at High Altitudes. 


SECTION 


The Structure of Fossil Plants. 


The Experimental 


Study 
Heredity. 


of 


The Investigation of Symbiosis 
between Turbellarian Worms 
and Alge., 


A Botanical, Zoological, and Geo- 
logical Survey of Clare Island. 


The Dissociation of Oxy-Hzmo- | 


Chairman.—Dr. A. D. Waller. 

Secretary.—Dr. F. W. Hewitt. 

Dr. Blumfeld, Mr. J. A. Gardner, 
and Dr. G, A. Buckmaster. 


Chairman.—Professor E. H. Star- 

ling. 
Secretary.—Professor T. G. Brodie. 
Dr. J. S. Haldane. 


Chairman.—Professor C. 8. Sher- 
rington. 

Secretary.—Dr. W. MacDougall. 

Professor J. 5. MacDonald and 
Mr. H. Sackville Lawson. 


Chairman.—Dr. A. D. Waller. 

Secretary.—Mrs. Waller. 

Professors F. Gotch, J. B. Farmer 
and Veley, and Dr. F. O’B. 
Ellison. 


Chairman.—PYrofessor E. H. Star- 
ling. 
Secretary.—Dr. J. Barcroft. 


| Dr. W. B. Hardy. 


K.—BOTANY. 


Chairman.—Dr. D. H, Scott. 

Secretary.—Professor F.W. Oliver. 

Mr. E. Newell Arber and Professors 
A. C. Seward and F. E. Weiss. 


Chairman.—Mr. Francis Darwin 
Secretary.—My. A. G. Tansley. 
Professors Bateson and Keeble. 


Chairman.—Dr. F. F. Blackman. 
Secretary.— Professor F. E. Weiss. 
Professors Keeble and Nuttall. 


Chairman.—Professor T. Johnson. 
Secretary.—Mr. R. Lloyd Praeger. 
Professor Grenville Cole, Dr. 

Scharff, and Mr. A. G. Tansley. 


25 


20 


10 


15 


10 


30 


30 


00 


00 


00 


00 


00 


00 


00 


00 


RESEARCH COMMITTEES. 


1. Receiving Grants of Money—continted. 


Subject for Investigation, or Purpése 


Members of Committee 


CXXXV 


Grants 


Section L.—EDUCATIONAL SCIENCE. 


To report upon the Course of Ex- 
perimental, Observational, and 
Practical Studies most suitable 
for Elementary Schools. 


Chairman.—Sir Philip Magnus. 

Secretary.—Mr. W. M. Heller. 

Sir W. de W. Abney, Mr. R. H. 
Adie, Professor H. E. Arm- 
strong, Miss L. J. Clarke, Miss 
A. J. Cooper, Mr. George Flet- 
cher, Professor R. A. Gregory, 
Principal Griffiths, Mr. A. D. 
Hall, Dr. A. J. Herbertson, Dr. 
C. W. Kimmins, Professor L. C. 
Miall, Professor J. Perry, Mrs. 
W.N. Shaw, Professor A. Smith- 
ells, Dr. Lloyd Snape, Sir H. R. 
Reichel, Mr. H. Richardson, and 


Professor W. W. Watts. 


CORRESPONDING SOCIETIES. 


Corresponding Societies Com- 
mittee for the preparation of 
their Report. 


Chairman.—Mr. W. Whitaker. 

Secretary.—Mr. W.P. D. Stebbing. 

Rev. J. O. Bevan, Sir Edward 
Brabrook, Dr. J. G. Garson, 
Principal E. H. Griffiths, Mr. T. 
V. Holmes, Mr. J. Hopkinson, 
Mr. A. L. Lewis, Professor R. 
Meldola, Mr. F. W. Rudler, 
Rev. T. R. R. Stebbing, and 
the President and General 
Officers of the Association. 


20 00) 


CXxxvi RESEARCH COMMITTEES, 


2, Not receiving Grants of Money. 


Se  -—- OOo I ! 


Subject for Investigation, or Purpose Members of Committee 


Section A.—MATHEMATICS AND PHYSICS. 


Making Experiments for improving | Chairman.—Lord Rayleigh. 

the Construction of Practical Stan- | Secretary.—Dr. R. T. Glazebrook. 

dards for use in Electrical Measure- | Professors J. Perry and W. G. Adams, Dr. 
| ments. G. Carey Foster, Sir Oliver Lodge, Dr. 
A. Muirhead, Sir W. H. Preece, Pro- 
fessor A. Schuster, Dr. J. A. Fleming, 
Professor Sir J. J. Thomson, Dr, W.N. 
Shaw, Dr. J. T. Bottomley, Rev. T. C. 
Fitzpatrick, Dr, G. Johnstone Stoney, 
Professor 8. P. Thompson, Mr. J. 
Rennie, Principal EH. H. Griffiths, Sir 
Arthur Riicker, Professor H. L, Cal- 
lendar, and Messrs. G. Matthey, A. P. 
Trotter, Tf. Mather, and F. E. Smith. 


To continue the Magnetic Survey of | Chairman. —Sir David Gill. 
South Africa commenced by Pro- | Seevetary.—Professor J. C. Beattie. 
fessors Beattie and Morrison, Mr. 8. 8. Hough, Professor Morrison, and 
Professor A. Schuster. 


The further Tabulation of Bessel Func- | Chairman.—Professor M. J. M. Hill, 


tions. | Seeretary.—Dr. L. N. G. Filon. 
| Professor Alfred Lodge and Mr. J. W. 
| Nicholson, 


To report upon the provision for the | Chairman.—Sir Arthur Riicker. 
Study of Astronomy, Meteorology | Sceretary.—Professor A. BE. H. Love. 
(including Atmospheric Electricity), | Sir Oliver Lodge, Professors C. G. Knott, 
and Geophysics in the Universities E. Rutherford, A. Schuster, Sir J. J. 
of the British Empire, Thomson, and EK. T. Whittaker, Drs. 
W, G. Duffield and G, T. Walker, and 
Mr. R. T. A. Ynnes. 


Section B.—CHEMISTRY., 


The Study of Isomorpl.ous Sulphonic 


study Chairman.—Professor H. A. Miers. 
Derivatives of Benzene, 


| 
| Secretary.—Professor H. E. Armstrong. 
| Professors W. P. Wynne and W. J. Pope. 


Section C,—_GEOLOGY. 


To determine the precise Significance | Chairman.—Mr. G. W. Lamplugh. 
of Topographical and Geological | Secretary.—Dr. F. H. Hatch. 
‘Terms used locally in South Africa, | Dr. G. Corstorphine and Messrs, A. Du 
Toit, A. P. Hall, G. Kynaston, ¥.. P. 
Mennell, and A, W. Rogers, 


RESEARCH COMMITTEES, 


2, Not receiving Grants of Money—continued. 


Subject for Investigation, or Purpose 


Members of Committee 


Section D.—ZOOLOGY. 


To continue the Investigation of the 
Zoology of the Sandwich Islands, 
with power to co-operate with the 
Committee appointed for the purpose 
by the Royal Society, and to avail 
themselves of such assistance in their 
investigations as may be offered by 
the Hawaiian Government or the 
Trustees of the Museum at Honolulu. 
The Committee to have power to dis- 
pose of specimens where advisable. 


To summon meetings in London or else- 
where for the consideration of mat- 
ters affecting the interests of Zoology 
or Zoologists, and to obtain by corre- 
spondence the opinion of Zoologists 
on matters of a similar kind, with 
power to raise by subscription from 
each Zoologist a sum of money for 
defraying current expenses of the 
Organisation. 


To nominate competent naturalists 
to perform definite pieces of work at 
the Marine Laboratory, Plymouth, 


To enable Dr. J. W. Jenkinson to con- 
tinue his Researches on the Influence 
of Salt and other Solutions on the 
Development of the Frog. 


To investigate the biological problems 
incidental to the Inniskea Whaling 
Station. 


Chairman.—Dr. F. Du Cane Godman. 

Seeretary.—Dr. David Sharp. 

Professor 8. J. Hickson, Dr. P. L. Sclater, 
and Mr. Edgar A. Smith. 


Chairman.—Sir E. Ray Lankester. 

Secretary.—Professor S. J. Hickson. 

Professors G. C. Bourne, J, Cossar Ewart, 
M. Hartog, W. A. Herdman, and J. 
Graham Kerr, Mr. O. H. Latter, Pro- 
fessor Minchin, Dr. P. C, Mitchell, 


OXXXVil 


Professors C. Lloyd Morgan, E. B. | 


Poulton, and A. Sedgwick, Mr. A. E. 
Shipley, and Rev. T. R. R. Stebbing. 


Chairman and Secretary.—Professor A. 
Dendy. 

Sir E. Ray Lankester, Professor A. Sedg- 
wick, Professor Sydney H. Vines, and 
Mr. H. 8. Goodrich. 


Chairman.—Professor G. C. Bourne. 

Seeretary.—Dr. J. W. Jenkinson. 

Professor S. J. Hickson and Mr, E. 8S. 
Goodrich. 


Chairman.—Dr, A. K. Shipley. 

Secretary.—Mr. J. Stanley Gardiner. 

Professor W. A. Herdman, Rev. W. Spots- 
wood Green, Mr. E. 8. Goodrich, Dr. 


H. W. Marett Tims, and Mr. R. M. | 


Barrington. 


Section H.—ANTHROPOLOGY. 


The Collection, Preservation, and 
Systematic Registration of Photo- 
graphs of Anthropological Interest. 


To organise Anthropometric Investiga- 
tion in the British Isles. 


To conduct Archeological and Ethno- 
logical Investigations in Sardinia. 


Chairman.—Mr. C. H. Read. 

Seeretary.—Mr. H. 8. Kingsford. 

Dr. G. A. Auden, Mr. E, Heawood, and 
Professor J. L. Myres. 


Chairman.—Professor A. Thomson. 
Secretary.—Mr. J. Gray. 
Dr. F. C. Shrubsall. 


Chairman.—Mr, D. G. Hogarth, 

Secretary.—Professor R, C. Bosanquet. 

Dr. T. Ashby, Dr. W. L. H. Duckworth, 
Professor J. L. Myres, and. Dr. F. C. 
Shrubsall.. 
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RESEARCH COMMITTEES, 


2. Not receiving Grants of Money—continued. 


| Subject for Investigation, or Purpose 


Members of Committee 


| To report upon Archeological Investi- 
gations in British East Africa. 


| To establish a system of measuring 
Mental Characters. 
| 


Ethnographic Survey of Canada. 


and Disease. 


Section K. 


To carry out the scheme for the Regis- 
tration of Negatives of Botanical 
Photographs. 


Chairman.—Mx. D. G. Hogarth. 
Secretary.—Dr. A. C. Haddon. 


Mr. H. Balfour, Mr. C. T. Currelly, Dr. | 


H. O. Forbes, and Professor J. L.Myres. 


Chairman.—Dr. W. McDougall. 

Secretary.—Mr. J. Gray. 

Miss Cooper, Dr. Spearman, Dr. C. 8. 
Myers, Dr. W. H. R. Rivers, Dr. W. G. 
Smith, and Dr. C. W. Kimmins. 

Chairman.—Rev. Dr. G. Bryce. 


Seeretary.—Mr. EK. S. Hartland. 
Dr. P. H. Bryce, Mr. C. Hill-Tout, Mr. 


B. Sulter, Professor J. L. Myres, Dr. | 
A. C. Haddon, Dr. F. C. Shrubsall, | 
Professor H. Montgomery, Mr. A. F. | 
Hunter, Dr. J. Maclean, and the Hon. | 


David Laird. 


Section I.—PHYSIOLOGY. 
The Effect of Climate upon Health | 


hairman.—Sir T. Lander Brunton. 


Secretaries.—Mr. J. Barcroft and Lieut.- | 


Col. Simpson. 

Colonel Sir D. Bruce, Dr. 8. G. Camp- 
bell, Sir Kendal Franks, 
J. G. McKendrick, Sir A. Mitchell, Dr. 
C. F. K. Murray, Dr. Porter, Dr. J. L. 
Todd, Professor Sims Woodhead, and 
the Heads of the Tropical Schools of 
Liverpool, London, and Edinburgh. 


—BOTANY. 


Chairman.— Professor F, W. Oliver. 
Secretary.—Professor F. E. Weiss. 
Dr. W. G. Smith, Mr, A. G. Tansley, Dr. 


T. W. Woodhead, and Professor R. H. | 


Yapp. 


Section L.—EDUCATIONAL SCIENCE. 


To take notice of, and report upon 
changes in, Regulations—whether 
Legislative, Administrative, or made 
by Local 
Secondary Education. 


involved in Education. 


reference to Day Industrial Schools. 


Authorities — affecting 


To inquire into and report upon the 
methods and results of research into 
the Mental and Physical Factors 


To inquire into the Curricula and Edu- 
cational Organisation of Industrial 
and Poor Law Schools with special 


Chairman.—Sir Philip Magnus. 

Secretary.—Professor H. KE. Armstrong. 

Sir William Bousfield, Mr. $. H. Butcher, 
Sir Henry Craik, Principal Griftiths, 
Sir Horace Plunkett, and Professor 
M. E. Sadler. 


Chairman.—Professor J. J. Findlay. 

Secretary.—Professor J. A. Green. 

Professors J. Adams and E. P. Culver- 
well, Mr. G. F. Daniell, Miss B. Foxley, 
Professor R. A, Gregory, Dr. C. W. 


Kimmins, Dr. T. P. Nunn, Dr. Spear- | 


man, Miss L. Edna Walter, and Dr. F. 
Warner. 

Chairman.—Mr, W. D. Eggar. 

Secretary.—Mrs. W. N. Shaw. 

Mr. J. L. Holland and Dr. C. W. Kim- 
mins. 


Professor | 
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Communications ordered to be printed in extetis6. 


Anode Rays and their Spectra, by Dr. O. Reichenheim. 

_ On Threefold-emission Spectra of Solid Aromatic Compounds, by Dr. E. 
Goldstein. 

Some Properties of Light of very short Wave-lengths, by Professor T. Lyman. 

Report on Combustion, by Professor W. A. Bone. 

Discussion on Wheat (Joint Meeting, Sections B and K and Sub-Section K). 
_ The Development of Wheat Culture in North America, by Professor A. P. 
righam. 

Agricultural Development in North-West Canada, by Professor J. Mavor. 

The Engineering Works of the Panama Canal, by Colonel Goethals. 


Resolutions referred to the Council for consideration, and, if desirable, 
for action. 


From the General Committee. 


(i) That the Council be asked to consider the relationship of the Sections 
generally, and the possible desirability of a new subdivision and the incorporation 
of new subjects. 

(ii) That, in any revision of the organisation of the Association, full recog- 
nition be given to the importance of Agricultural Science. 


From Section H. 


Te 


That the Council be recommended to represent to the Dominion Govern- 
ment :— 

1, That it is essential to scientific knowledge of the early history of Canada 
that full and accurate records should be obtained of the physical character, 
geographical distribution and migrations, languages, social and political institu- 
tions, native arts, industries, and economic systems of the aboriginal peoples of 
the country ; 

2. That scientific knowledge of the principles of native design and handicraft 
is an essential preliminary to any development of native industries such as has 
already been found practicable, especially in the United States, in Mexico, and 
in India, and that such knowledge has also proved to be of material assistance 
in the creation of national schools of design among the white population; 

3. That, in the rapid development of the country, the native population is 
inevitably losing its separate existence and characteristics ; 

4. That it is therefore ot urgent importance to initiate, without delay, 
systematic observations and records of native physical types, languages, beliefs, 
and customs, and to provide for the preservation of a complete collection of 
examples of native arts and industries in some central institution. and for public 
guardianship of prehistoric monuments such as village sites, burial grounds, 
mounds, and rock-carvings ; 

5: That the organisation necessary to secure these objects, and to render 
the results of these inquiries accessible to students and to the public, is such 
as might easily be provided in connection with the National Museum at Ottawa, 
which already includes many fine examples of aboriginal arts and manufactures, 
and might easily be made a centre for the scientific study of the physical types, 
languages, beliefs, and customs of the aboriginal peoples. 


II. 


To recommend the Council to urge the Dominion Government to include, in 
the schedules of the next Canadian Census, full inquiries as to precise place of 
origin, native language, previous status and occupation, year of immigration, 
and such other information as may be deemed of scientific value for the study 
of the effects of the Canadian environment upon immigrants of European origin. 


ex RESEARCH COMMITTEES. 


Recommendations referred to the Council for consideralion, and, if 
desirable, for action. 


1. That the following Committee be authorised to receive contributions from 
sources other than the Association :-~ 


‘To condttct Explorations with a view to ascertaining the Age of Stone 
Circles.’ (Section H.) 


2. That the collection of the Anthropological Photographs printed by the 
Anthropological Photograph Committee, and all further Photographs received by 


them, be handed over to the custody of the Royal Anthropological Institute. 
(Section H.) 


SYNOPSIS OF GRANTS OF MONEY. 


exli 


Synopsis of Grants of Money appropriated for Scientific Purposes by the 
General Committee at the Winnipeg Meeting, 1909. The Names 
of Members entitled to call on the General Treasurer for the Grants 


are prefived to the respective Research Committees. 


Recommended by Council. 


£ 


Gill, Sir D,—Measurement of Geodetic Arc in South Africa 100 


Glazebrook, De. Re. Poncuahh duane of Electrical Standards 
Reports a 


. 100 
Mathematical and Physical Science. 

*Turner, Professor H. H.—Seismological Observations ......... 60 
*Preece, Sir W. H.— Magnetic Observations at Falmouth 25 

*Gill, Sir David—Establishing a Solar Observatory in 
Australia ........ “¢ Snr ee 50 
Shaw, Dr. W. N. —Upper “Atmosphere . she he ZMere Emit an ad 25 

Chemistry. 

*Divers, Dr. E.—-Study of Hydro-aromatic Substances ...... 25 
*Armstrong, Professor H. E.—Dynamic Isomerism ............ 30 

*Kipping, Professor F. S.—Transformation of Aromatic Nitro- 
REMC ee eee cos co = os cosa sum sidopiae aatcnaucendue-ab sxcee ates 15 
*Kipping, Professor F. S.—Electroanalysis..........secseeseese ces 10 

Geology. 

*Tiddeman, R. H.—Erratic Blocks ........ me 0 
*Harker, Dr. A.—Crysialline Rocks of ‘Anglesey .. 1 

*Gregory, Professor J. W.—Faunal Succession in “the Car- 
boniferous Limestone in the British Isles .................. 10 

*Lapworth, Professor C.—Palzozoic Rocks of Wales and the 
West of England... 10 
*Watts, Professor W. wW. —Composition of Charnwood ‘Rocks 2 

*Watts, Professor W. W.—Igneous and Associated Rocks of 
Glensaul, dc. ...... Rs 15 
*Gregory, Professor J. W.—South African Strata............... 5 
*Geikie, Professor J.—Geological Photographs ......... 10 
Strahan, Dr. A.—Fossils of | Midland Coalfields 25 

Zoology. 

*Hickson, Professor S. J.—Table at the Zoological Station at 
Naples. ......... aan ciancesnadas<oneegaes, NE 
*Woodward, Dr. H. —Index Animalium ...........scssscsssesese 75 
Carried forward OHHH HHH OES HHO eee HHS HEH ORE ETE HEH OES Sericpae Aah 
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Annual Meetings, 1910 and 1911. 


The Annual Meeting of the Association in 1910 will be held at 
‘Sheffield, commencing August 31; in 1911 at Portsmouth. 
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BY 
Proressor Sir J. J. THOMSON, M.A., LL.D., D.So., F.R.S., 
PRESIDENT. 


TWENTY-FIVE years ago a great change was made in the practice of the 
British Association. From the foundation of our Society until 1884 its 
meetings had always been held in the British Isles; in that year, how- 
ever, the Association met in Montreal, and a step was taken which 
changed us from an Insular into an Imperial Association. For this 
change, which now I think meets with nothing but approval, Canada 
is mainly responsible. Men of science welcome it for the increased 
opportunities it gives them of studying under the most pleasant and 
favourable conditions different paris of our Empire, of making new 
friends; such meetings as these not only promote the progress of 
science but also help to strengthen the bonds which bind together the 
different portions of the King’s Dominions. 

This year, for the third time in a quarter of a century, we are meet- 
ing in Canada. As if to give us an object-lesson in the growth of 
Empire, you in Winnipeg took the opportunity at our first meeting in 
Canada in 1884 to invite our members to visit Manitoba and see for 
themselves the development of the Province at that time. Those who 
were fortunate enough to be your guests then as well as now are con- 
fronted with a change which must seem to them unexampled and 
almost incredible. Great cities have sprung up, immense areas have 
been converted from prairies to prosperous farms, flourishing industries 
have been started, and the population has quadrupled. As the 
President of a scientific Association I hope I may be pardoned if 
T point out that even the enterprise and energy of your people and 
the richness of your country would have been powerless to effect this 
change without the resources placed at their disposal by the labours of 
men of science. 


BY 
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The eminence of my predecessors in the chair at the meetings of the 
British Association in Canada makes my task this evening a difficult 
one. The meeting at Montreal was presided over by Lord Rayleigh, 
who, like Lord Kelvin, his colleague in the chair of Section A at that 
meeting, has left the lion’s mark on every department of physics, 
and who has shown that, vast as is the empire of physics, there are 
still men who can extend its frontiers in all of the many regions under 
its sway. It has been my lot to succeed Lord Rayleigh in other offices 
as well as this, and I know how difficult a man he is to follow. 

The President of the second meeting in Canada—that held in 1897 
at Toronto—was Sir John Evans, one of those men who, like Boyle, 
Cavendish, Darwin, Joule, Spottiswoode, and Huggins, have, from 
their own resources and without the aid derived from official positions 
or from the universities, made memorable contributions to science: 
such men form one of the characteristic features of British science. 
May we not hope that, as the knowledge of science and the interest 
taken in it increase, more of the large number of men of independent 
means in our country may be found working for the advancement of 
science, and thereby rendering services to the community no less 
valuable than the political, philanthropic, and social work at which 
many of them labour with so much zeal and Success? 

I can, however, claim to have some experience of at any rate one 
branch of Canadian science, for it has been my privilege to receive at 
the Cavendish Laboratory many students from your universities. 
Some of these have been holders of what are known as the 1851 scholar- 
ships. These scholarships are provided from the surplus of the Great 
Exhibition of 1851, and are placed at the disposal of most of the 
younger universities in the British Empire, to enable students to devote 
themselves for two or three years to original research in various branches 
of science. I have had many opportunities of seeing the work of these 
scholars, and I should like to put on record my opinion that there is no 
educational endowment in the country which has done or is doing 
better work. 

I have had, as I said, the privilege of having as pupils students 
from your universities as well as from those of New Zealand, Australia, 
and the United States, and have thus had opportunities of comparing 
the effect on the best men of the educational system in force at your 
universities with that which prevails in the older English universities. 
Well, as the result, I have come to the conclusion that there is a good 
deal in the latter system which you have been wise not to imitate. The 
chief evil from which we at Cambridge suffer and which you have 
avoided is, I am convinced, the excessive competition for scholarships 
which confronts our students at almost every stage of their education. 
You may form some estimate of the prevalence of these scholarships 
if I tell you that the colleges in the University of Cambridge alone give 
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more than 35,000/. a year in scholarships to undergraduates, and I 
suppose the case is much the same at Oxford. The result of this is 
that preparation for these scholarships dominates the education of the 
great majority of the cleverer boys who come to these universities, and 
indeed in some quarters it seems to be held that the chief duty of a 
schoolmaster, and the best test of his efficiency, is to make his boys 
get scholarships. The preparation for the scholarship too often means 
that about two years before the examination the boy begins to specialise, 
and from the age of sixteen does little else than the subject, be it 
mathematics, classics, or natural science, for which he wishes to get a 
scholarship; then, on entering the university, he spends three or four 
years studying the same subject before he takes his degree, when his 
real life-work ought to begin. How has this training fitted him for this 
work? 1 will take the case in which the system might perhaps be 
expected to show to greatest advantage, when his work is to be original 
research in the subject he has been studying. He has certainly 
acquired a very minute acquaintance with his subject—indeed, the know- 
ledge possessed by some of the students trained under this system is 
quite remarkable, much greater than that of any other students I have 
ever met. But though he has acquired knowledge, the effect of study- 
ing one subject, and one subject only, for so long a time is too often to 
dull his enthusiasm for it, and he begins research with much of his 
early interest and keenness evaporated. Now there is hardly any 
quality more essential to success in research than enthusiasm. Re- 
search is difficult, laborious, often disheartening. The carefully 
designed apparatus refuses to work, it develops defects which may take 
months of patient work to rectify, the results obtained may appear in- 
consistent with each other and with every known law of Nature, sleep- 
less nights and laborious days may seem only to make the confusion 
more confounded, and there is nothing for the student to do but 
to take for his motto ‘ It’s dogged as does it,’ and plod on, comforting 
himself with the assurance that when success does come, the difficulties 
he has overcome will increase the pleasure—one of the most exquisite 
men can enjoy—of getting some conception which will make all that 
was tangled, confused, and contradictory clear and consistent. Unless 
he has enthusiasm to carry him on when the prospect seems almost 
hopeless and the labour and strain incessant, the student may give up his 
task and take to easier, though less important, pursuits. 

I am convinced that no greater evil can be done to a young man than 
to dull his enthusiasm. In a very considerable experience of, students 
of physics beginning research, I have met with more—many more— 
failures from lack of enthusiasm and determination than from any lack 
of knowledge or of what is usually known as cleverness. 

‘This continual harping from an early age on one subject, which is 
so efficient in quenching enthusiasm, is much encouraged by the 
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practice of the colleges to give scholarships for proficiency in one sub- 
ject alone. I went through a list of the scholarships awarded in the 
University of Cambridge last winter, and, though there were 202 of 
them, I could only find three cases in which it was specified that the 
award was made for proficiency in more than one subject. 

The premature specialisation fostered by the preparation for these 
scholarships injures the student by depriving him of adequate literary 
culture, while when it extends, as it often does, to specialisation in one 
or two branches of science, it retards the progress of science by tending 
to isolate one science from another. The boundaries between the 
sciences are arbitrary, and tend to disappear as science progresses. The 
principles of one science often find most striking and suggestive 
illustrations in the phenomena of another. Thus, for example, the 
physicist finds in astronomy that effects he has observed in the labora- 
tory are illustrated on the grand scale in the sun and stars. No better 
illustration of this could be given than Professor Hale’s recent dis- 
covery of the Zeeman effect in the light from sunspots; in chemistry, 
too, the physicist finds in the behaviour of whole series of reactions 
illustrations of the great laws of thermodynamics, while if he turns to the 
biological sciences he is confronted by problems, mostly unsolved, of 
unsurpassed interest. Consider for a moment the problem presented 
by almost any plant—the characteristic and often exquisite detail of 
flower, leaf, and habit—and remember that the mechanism which con- 
trols this almost infinite complexity was once contained in a seed per- 
haps hardly large enough to be visible. We have here one of the most 
entrancing problems in chemistry and physics it is possible to conceive. 

Again, the specialisation prevalent in schools often prevents students 
of science from acquiring sufficient knowledge of mathematics; it is 
true that most of those who study physics do some mathematics, but 
I hold that, in general, they do not do enough, and that they are not 
as efficient physicists as they would be if they had a wider knowledge 
of that subject. There seems at present a tendency in some quarters 
to discourage the use of mathematics in physics; indeed, one might 
infer, from the statements of some writers in quasi-scientific journals, 
that ignorance of mathematics is almost a virtue. . If this is so, then 
surely of all the virtues this is the easiest and most prevalent. 

I do not for a moment urge that the physicist should confine him- 
self to looking at his problems from the mathematical point of view; 
on the contrary, I think a famous French mathematician and physicist 
was guilty of only slight exaggeration when he said that no discovery 
was really important or properly understood by its author unless and 
until he could explain it to the first man he met in the street. 

But two points of view are better than one, and the physicist who 
is also a mathematician possesses a most powerful instrument for 
scientific research with which many of the greatest discoveries have been 
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made; for example, electric waves were discovered by mathematics long 
before they were detected in the laboratory. He has also at his 
command a language clear, concise, and universal, and there is no 
better way of detecting ambiguities and discrepancies in his ideas than 
by trying to express them in this language. Again, it often happens 
that we are not able to appreciate the full significance of some physica] 
discovery until we have subjected it to mathematical treatment, when 
we find that the effect we have discovered involves other effects which 
have not been detected, and we are able by this means to duplicate 
the discovery. Thus James Thomson, starting from the fact that 
ice floats on water, showed that it follows by mathematics that ice 
can be melted and water prevented from freezing by pressure. This 
effect, which was at that time unknown, was afterwards verified by 
his brother, Lord Kelvin. Multitudes of similar duplication of physical 
discoveries by mathematics could be quoted. 

I have been pleading in the interests of physics for a greater study 
of mathematics by physicists. I would also plead for a greater study 
of physics by mathematicians in the interest of pure mathematics. 

The history of pure mathematics shows that many of the most 
important branches of the subject have arisen from the attempts made 
to get a mathematical solution of a problem suggested by physics. 
Thus the differential calculus arose from attempts to deal with the 
problem of moving bodies. Fourier’s theorem resulted from attempts 
to deal with the vibrations of strings and the conduction of heat; 
indeed, it would seem that the most fruitful crop of scientific ideas 
is produced by cross-fertilisation between the mind and some definite 
fact, and that the mind by itself is comparatively unproductive. 

I think, if we could trace the origin of some of our most comprehen- 
sive and important scientific ideas, it would be found that they arose 
in the attempt to find an explanation of some apparently trivial and 
very special phenomenon; when once started the ideas grew to such 
generality and importance that their modest origin could hardly be 
suspected. Water vapour we know will refuse to condense into rain 
unless there are particles of dust to form nuclei; so an idea before 
taking shape seems to require a nucleus of solid fact round which it 
can condense. 

I have ventured to urge the closer union between mathematics and 
physics, because I think of late years there has been some tendency 
for these sciences to drift apart, and that the workers in applied 
mathematics are relatively fewer than they were some years ago. This 
is no doubt due to some extent to the remarkable developments made in 
the last few years in experimental physics on the one hand and in the 
most abstract and metaphysical parts of pure mathematics on the other. 
The fascination of these has drawn workers to the frontiers of these 
regions who would otherwise have worked nearer the junction of the 
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two. In part, too, it may be due to the fact that the problems with 
which the applied mathematician has to deal are exceedingly difficult, 
and many may have felt that the problems presented by the older 
physics have been worked over so often by men of the highest genius 
that there was but little chance of any problem which they could have 
any hope of solving being left. 

But the newer developments of physics have opened virgin ground 
which has not yet been worked over and which offers problems to the 
mathematician of great interest and novelty—problems which will sug- 
gest and require new methods of attack, the development of which 
will advance pure mathematics as well as physics. 

I have alluded to the fact that pure mathematicians have been 
indebted to the study of concrete problems for the origination of some 
of their most valuable conceptions; but though no doubt pure 
mathematicians are in many ways very exceptional folk, yet in this 
respect they are very human. Most of us need to tackle some definite 
difficulty before our minds develop whatever powers they may possess. 
This is true for even the youngest of us, for our schoolboys and 
schoolgirls, and I think the moral to be drawn from it is that we should 
aim at making the education in our schools as little bookish and as 
practical and concrete as possible. 

I once had an illustration of the power of the concrete in stimulating 
the mind which made a very lasting impression upon me. One of my 
first pupils came to me with the assurance from his previous teacher 
that he knew little and cared less about mathematics, and that he had 
no chance of obtaining a degree in that subject. For some time I 
thought this estimate was correct, but he happened to be enthusiastic 
about billiards, and when we were reading that part of mechanics which 
deals with the collision of elastic bodies I pointed out that many of 
the effects he was constantly observing were illustrations of the subject 
we were studying. From that time he was a changed man. He had 
never before regarded mathematics as anything but a means of annoying 
innocent undergraduates ; now, when he saw what’ important results it 
could obtain, he became enthusiastic about it, developed very con- 
siderable mathematical ability, and, though he had already wasted two 
out of his three years at college, took a good place in the Mathematical 
Tripos. 

It is possible to read books, to pass examinations, without the 
higher qualities of the mind being called into play. Indeed, I doubt 
if there is any process in which the mind is more quiescent than in 
reading without interest. I might appeal to the widespread habit of 
reading in bed as a prevention of insomnia as a proof of this. But 
it is not possible for a boy to make a boat or for a girl to cook a dinner 
without using their brains. With practical things the difficulties have 
to be surmounted, the boat must be made watertight, the dinner must 
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be cooked, while in reading there is always the hope that the difficulties 
which have been slurred over will not be set in the examination. 

I think it was Helmholtz who said that often in the course of a 
research more thought and energy were spent in reducing a refractory 
piece of brass to order than in devising the method or planning the 
scheme of campaign. This constant need for thought and action gives 
to original research in any branch of experimental science great educa- 
tional value even for those who will not become professional men of 
science. I have had considerable experience with students beginning 
research in experimental physics, and I have always been struck by 
the quite remarkable improvement in judgment, independence of 
thought and maturity produced by a year’s research. Research develops 
qualities which are apt to atrophy when the student is preparing for 
examinations, and, quite apart from the addition of new knowledge to 
our store, is of the greatest importance as a means of education. 

~ It is the practice in many universities to make special provision 
for the reception of students from other universities who wish 
to do original research or to study the more advanced parts of their 
subject, and considerable numbers of such students migrate from one 
university to another. I think it would be a good thing if this practice 
were to extend to students at an earlier stage in their career; especially 
should I like to see a considerable interchange of students between the 
universities in the Mother Country and those in the Colonies. 

I am quite sure that many of our English students, especially those 
destined for public life, could have no more valuable experience than to 
spend a year in one or other of your universities, and I hope some of 
your students might profit by a visit to ours. 

I can think of nothing more likely to lead to a better under- 
standing of the feelings, the sympathies, and, what is not less 
important, the prejudices, of one country by another than by the youths 
of those countries spending a part of their student life together. 
Undergraduates as a rule do not wear a mask either of politeness or any 
other material, and have probably a better knowledge of each other’s 
opinions and points of view—in fact, know each other better than do 
people of riper age. To bring this communion of students about there 
must be co-operation between the universities throughout the Empire ; 
there must be recognition of each other’s examinations, residence, and 
degrees. Before this can be accomplished there must, as my friend 
Mr. E. B. Sargant pointed out in a lecture given at the McGill 
University, be co-operation and recognition between the universities 
in each part of the Empire. I do not mean for a moment that ‘all 
universities in a country should be under one government. I am a 
strong believer in the individuality of universities, but I do not think this 
is in any way inconsistent with the policy of an open door from one 
university to every other in the Empire. 
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It has usually been the practice of the President of this Association 
to give some account of the progress made in the last few years in the 
branch of science which he has the honour to represent. 

I propose this evening to follow that precedent and to attempt to 
give a very short account of some of the more recent developments of 
physics, and the new conceptions of physical processes to which they 
have led. 

The period which has elapsed since the Association last met in Canada 
has been one of almost unparalleled activity in many branches of physics, 
and many new and unsuspected properties of matter and electricity have 
been discovered. The history of this period affords a remarkable illustra- 
tion of the effect which may be produced by a single discovery ; for it is, I 
think, to the discovery of the Réntgen rays that we owe the rapidity of the 
progress which has recently been made in physics. A striking discovery 
like that of the Réntgen rays acts much like the discovery of gold in a 
sparsely populated country ; it attracts workers who come in the first place 
for the gold, but who may find that the country has other products, other 
charms, perhaps even more valuable than the gold itself. The country 
in which the gold was discovered in the case of the Réntgen rays was the 
department of physics dealing with the discharge of electricity through 
zases, a subject which, almost from the beginning of electrical science, 
had attracted a few enthusiastic workers, who felt convinced that the key 
to unlock the secret of electricity was to be found in a vacuum tube. 
Rontgen, in 1895, showed that when electricity passed through such a 
tube, the tube emitted rays which could pass through bodies opaque 
to ordinary light; which could, for example, pass through the flesh of 
the body and throw a shadow of the bones on a suitable screen. The 
fascination of this discovery attracted many workers to the subject of 
the discharge of electricity through gases, and led to great improvements 
in the instruments used in this type of research. It is not, however, to 
the power of probing dark places, important though this is, that the 
influence of Réntgen rays on the progress of science has mainly been due; 
it is rather because these rays make gases, and, indeed, solids and liquids, 
through which they pass conductors of electricity. It is true that before 
the discovery of these rays other methods of making gases conductors 
were known, but none of these was so convenient for the purposes of 
accurate measurement. 

The study of gases exposed to Réntgen rays has revealed in such gases 
the presence of particles charged with electricity ; some of these particles 
are charged with positive, others with negative electricity. 

‘The properties of these particles have been investigated; we know 
the charge they carry, the speed with which they move under an electric 
force, the rate at which the oppositely charged ones recombine, and these 
investigations have thrown a new light not only on electricity, but also 
on the structure of matter. 
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We know from these investigations that electricity, like matter, is 
molecular in structure, that just as a quantity of hydrogen is a collection 
of an immense number of small particles called molecules, so a charge of 
electricity is made up of a great number of small charges, each of a 
perfectly definite and known amount. 

Helmholtz said in 1880 that in his opinion the evidence in favour of 
the molecular constitution of electricity was even stronger than that in 
favour of the molecular constitution of matter. How much stronger is 
that evidence now, when we have measured the charge on the unit and 
found it to be the same from whatever source the electricity is obtained. 
Nay, further, the molecular theory of matter is indebted to the molecular 
theory of electricity for the most accurate determination of its funda- 
mental quantity, the number of molecules in any given quantity of an 
elementary substance. 

The great advantage of the electrical methods for the study of the 
properties of matter is due to the fact that whenever a particle is electrified 
it is very easily identified, whereas an uncharged molecule is most elusive ; 
and it is only when these are present in immense numbers that we are 
able to detect them. A very simple calculation will illustrate the dif- 
ference in our power of detecting electrified and unelectrified molecules. 
The smallest quantity of unelectrified matter ever detected is probably 
that of neon, one of the inert gases of the atmosphere. Professor Strutt 
has shown that the amount of neon in 4, of a cubic centimetre of the air 
at ordinary pressures can be detected by the spectroscope; Sir William 
Ramsay estimates that the neon in the air only amounts to one part of 
neon in 100,000 parts of air, so that the neon in s4, of a cubic centimetre 
of air would only occupy at atmospheric pressure a volume of half a 
millionth of a cubic centimetre. When stated in this form the quan- 
tity seems exceedingly small, but in this small volume there are about 
ten million million molecules. Now the population of the earth is esti- 
mated at about fifteen hundred millions, so that the smallest number of 
molecules of neon we can identify is about 7,000 times the population of 
the earth. In other words, if we had no better test for the existence of a 
man than we have for that of an unelectrified molecule we should come 
to the conclusion that the earth is uninhabited. Contrast this with 
our power of detecting electrified molecules. We can by the electrical 
method, even better by the cloud method of C. T. R. Wilson, detect the 
presence of three or four charged particles in a cubic centimetre. 
Rutherford has shown that we can detect the presence of a single 
a particle. Now the a particle is a charged atom of helium; if this atom 
had been uncharged we should have required more than a million million 
of them, instead of one, before we should have been able to detect them. 

We may I think conclude, since electrified particles can be studied 
with so much greater ease than unelectrified ones, that we shall obtain 
a knowledge of the ultimate structure of electricity before we arrive at 


12 PRESIDENT’S ADDRESS. 


a corresponding degree of certainty with regard to the structure of 
matter. 

We have already made considerable progress in the task of discover- 
ing what the structure of electricity is. We have known for some 
time that of one kind of electricity—the negative—and a very interesting 
one it is. We know that negative electricity is made up of units all 
of which are of the same kind; that these units are exceedingly small 
compared with even the smallest atom, for the mass of the unit is only 
17qso Part of the mass of an atom of hydrogen; that its radius is only 
10-* centimetre, and that these units, ‘ corpuscles’ as they have 
been called, can be obtained from all substances. The size of these 
corpuscles is on an altogether different scale from that of atoms; the 
volume of a corpuscle bears to that of the atom about the same relation 
as that of a speck of dust to the volume of this room. Under suitable 
conditions they move at enormous speeds which approach in some 
instances the velocity of light. 

The discovery of these corpuscles is an interesting example of the 
way Nature responds to the demands made upon her by mathematicians. 
Some years before the discovery of corpuscles it had been shown by 
a mathematical investigation that the mass of a body must be increased 
by a charge of electricity. This increase, however, is greater for small 
bodies than for large ones, and even bodies as small as atoms are hope- 
lessly too large to show any appreciable effect; thus the result seemed 
entirely academic. After a time corpuscles were discovered, and these 
are so much smaller than the atom that the increase in mass due to the 
charge becomes not merely appreciable, but so great that, as the 
experiments of Kaufmann and Bucherer have shown, the whole of the 
mass of the corpuscle arises from its charge. 

We know a great deal about negative electricity ; what do we know 
about positive electricity? Is positive electricity molecular in structure ? 
Is it made up into units, each unit carrying a charge equal in magnitude 
though opposite in sign to that carried by a corpuscle? Does, or does not, 
this unit differ, in size and physical properties, very widely from the 
corpuscle? We know that by suitable processes we can get corpuscles ” 
out of any kind of matter, and that the corpuscles will be the same from 
whatever source they may be derived. Is a similar thing true for positive 
electricity? Can we get, for example, a positive unit from oxygen of 
the same kind as that we get from hydrogen? 

For my own part, I think the evidence is in favour of the view that 
we can, although the nature of the unit of positive electricity makes the 
proof much more difficult than for the negative unit. 

Tn the first place we find that the positive particles—‘ canalstrahlen ’ 
is their technical name—discovered by our distinguished guest, Dr. Gold- 
stein, which are found when an electric discharge passes through a highly 
rarefied gas, are, when the pressure is very low, the same, whatever may 
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have been the gas in the vessel to begin with. If we pump out the gas 
until the pressure is too low to allow the discharge to pass, and then 
introduce a small quantity of gas and restart the discharge, the positive 
particles are the same whatever kind of gas may have been introduced. 

I have, for example, put into the exhausted vessel oxygen, 
argon, helium, the vapour of carbon tetrachloride, none of which contain 
hydrogen, and found the positive particles to be the same as when 
hydrogen was introduced. 

Some experiments made lately by Wellisch, in the Cavendish Labora- 
tory, strongly support the view that there is a definite unit of positive 
electricity independent of the gas from which it is derived; these experi- 
ments were on the velocity with which positive particles move through 
mixed gases. If we have a mixture of methyl-iodide and hydrogen 
exposed to Réntgen rays, the effect of the rays on the methyl-iodide 
is so much greater than on the hydrogen that, even when the mixture 
contains only a small percentage of methyl-iodide, practically all the 
electricity comes from this gas, and not from the hydrogen. 

Now if the positive particles were merely the residue left when a 
corpuscle had been abstracted from the methyl-iodide, these particles 
would have the dimensions of a molecule of methyl-iodide; this is very 
large and heavy, and would therefore move more slowly through the 
hydrogen molecules than the positive particles derived from hydrogen 
itself, which would, on this view, be of the size and weight of the light 
hydrogen molecules. Wellisch found that the velocities of both the 
positive and negative particles through the mixture were the same as 
the velocities through pure hydrogen, although in the one case the ions 
had originated from methyl-iodide and in the other from hydrogen; a 
similar result was obtained when carbon tetrachloride, or mercury 
methyl, was used instead of methyl-iodide. These and similar results 
lead to the conclusion that the atom of the different chemical elements 
contain definite units of positive as well as of negative electricity, and 
that the positive electricity, like the negative, is molecular in structure. 

The investigations made on the unit of positive electricity show 
that it is of quite a different kind from the unit of negative; the 
mass of the negative unit is exceedingly small compared with any atom ; 
the only positive units that up to the present have been detected are 
quite comparable in mass with the mass of an atom of hydrogen, in fact 
they seem equal to it. This makes it more difficult to be certain that 
the unit of positive electricity has been isolated, for we have to be on our 
guard against its being a much smaller body attached to the hydrogen 
atoms which happen to be present in the vessel. If the positive units 
have a much greater mass than the negative ones, they ought not to 
be so easily deflected by magnetic forces when moving at equal speeds ; 
and in general the insensibility of the positive particles to the influence 
of a magnet is very marked; though there are cases when the positive 


14 PRESIDENT’S ADDRESS. 


particles are much more readily deflected, and these have been interpreted 
as proving the existence of positive units comparable in mass with the 
negative ones. I have found, however, that in these cases the positive 
particles are moving very slowly, and that the ease with which they 
are deflected is due to the smallness of the velocity and not to that of 
the mass. It should, however, be noted that M. Jean Becquerel has 
observed in the absorption spectra of some minerals, and Professor 
Wood in the rotation of the plane of polarisation by sodium vapour, 
effects which could be explained by the presence in the substances 
of positive units comparable in mass with corpuscles. This, how- 
ever, is not the only explanation which can be given of these effects, 
and at present the smallest positive electrified particles of which we 
have direct experimental evidence have masses comparable with that 
of an atom of hydrogen. 

A knowledge of the mass and size of the two units of electricity, 
the positive and the negative, would give us the material for constructing 
what may be called a molecular theory of electricity, and would be a 
starting-point for a theory of the structure of matter; for the most 
natural view to take, as a provisional hypothesis, is that matter is just a 
collection of positive and negative units of electricity, and that the 
forces which hold atoms and molecules together, the properties which 
differentiate one kind of matter from another, all have their origin in 
the electrical forces exerted by positive and negative units of electricity, 
grouped together in different ways in the atoms of the different elements. 

As it would seem that the units of positive and negative electricity 
are of very different sizes, we must regard matter as a mixture containing 
systems of very, different types, one type corresponding to the small cor- 
puscle, the other to the large positive unit. 

Since the energy associated with a given charge is greater the smaller 
the body on which the charge is concentrated, the energy stored up 
in the negative corpuscles will be far greater than that stored up by 
the positive. The amount of energy which is stored up in ordinary 
matter in the form of the electrostatic potential energy of its corpuscles 
is, I think, not generally realised. All substances give out corpuscles, 
so that we may assume that each atom of a substance contains at least 
one corpuscle. From the size and the charge on the corpuscle, both of 
which are known, we find that each corpuscle has 8 x 10-7 ergs of 
energy; this is on the supposition that the usual expressions for the 
energy of a charged body hold when, as in the case of a corpuscle, 
the charge is reduced to one unit. Now in one gramme of hydrogen 
there are about 6 X 10?% atoms, so if there is only one corpuscle in each 
atom the energy due to the corpuscles in a gramme of hydrogen would 
be 48 x 10'* ergs, or 11 X 10° calories. This is more than seven times 
the heat developed by one gramme of radium, or than that developed by 
the burning of five tons of coal. Thus we see that even ordinary matter 
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contains enormous stores of energy ; this energy is fortunately kept fast 
bound by the corpuscles; if at any time an appreciable fraction were 
to get free, the earth would explode and become a gaseous nebula. 

The matter of which I have been speaking so far is the material 
which builds up the earth, the sun, and the stars, the matter studied 
by the chemist, and which he can represent by a formula; this matter 
occupies, however, but an insignificant fraction of the universe, it forms 
but minute islands in the great ocean of the ether, the substance with 
which the whole universe is filled. 

The ether is not a fantastic creation of the speculative philosopher ; 
it is as essential to us as the air we breathe. For we must remember 
that we on this earth are not living on our own resources; we are 
dependent from minute to minute upon what we are getting from the sun, 
and the gifts of the sun are conveyed to us by the ether. It is to the 
sun that we owe not merely night and day, springtime and harvest, but 
it is the energy of the sun, stored up in coal, in waterfalls, in food, that 
practically does all the work of the world. 

How great is the supply the sun lavishes upon us becomes clear 
‘when we consider that the heat received by the earth under a high 

sun and a clear sky is equivalent, according to the measurements of 
Langley, to about 7,000 horse-power per acre. Though our engineers 
have not yet discovered how to utilise this enormous supply of power, 
they will, I have not the slightest doubt, ultimately succeed in doing so; 
and when coal is exhausted and our water-power inadequate, ib may be 
that this is the source from which we shall derive the energy necessary 
for the world’s work. When that comes about, our centres of industrial 
activity may perhaps be transferred to the burning deserts of the 
Sahara, and the value of land determined by its suitability for the recep- 
tion of traps to catch sunbeams. 

This energy, in the interval between its departure from the sun and 
its arrival at the earth, must be in the space between them. Thus this 
space must contain something which, like ordinary matter, can store up 
energy, which can carry ab an enormous pace the energy associated 
with light and heat, and which can, in addition, exert the enormous 
stresses necessary to keep the earth circling round the sun and the 
moon round the earth. 

The study of this all-pervading substance is perhaps the most fas- 
cinating and important duty of the physicist. 

On the electromagnetic theory of light, now universally accepted, 
the energy streaming to the earth travels through the ether in electric 
waves; thus practically the whole of the energy at our disposal has at 
one time or another been electrical energy. The ether must, then, be 
the seat of electrical and magnetic forces. We know, thanks to the 

_enius of Clerk Maxwell, the founder and inspirer of modern electrical 
theory, the equations which express the relation between these forces, 
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and although for some purposes these are all we require, yet they do 
not tell us very much about the nature of the ether. 

The interest inspired by equations, too, in some minds is apt to be 
somewhat Platonic; and something more grossly mechanical—a model, 
for example, is felt by many to be more suggestive and manageable, 
and for them a more powerful instrument of research, than a purely 
analytical theory. 

Is the ether dense or rare? Has it a structure? Is it at rest or 
in motion? are some of the questions which force themselves upon us. 

Let us consider some of the facts known about the ether. When 
light falls on a body and is absorbed by it, the body is pushed forward 
in the direction in which the light is travelling, and if the body is free 
to move it is set in motion by the light. Now it is a fundamental prin- 
ciple of dynamics that when a body is set moving in a certain direction, 
or, to use the language of dynamics, acquires momentum in that direc- 
tion, some other mass must lose the same amount of momentum; in 
other words, the amount of momentum in the universe is constant. Thus 
when the body is pushed forward by the light some other system must 
have lost the momentum the body acquires, and the only other system 
available is the wave of light falling on the body ; hence we conclude that 
there must have been momentum in the wave in the direction in which it 
is travelling. Momentum, however, implies mass in motion. We con- 
clude, then, that in the ether through which the wave is moving there is 
mass moving with the velocity of light. The experiments made on the 
pressure due to light enable us to calculate this mass, and we find that in 
a cubic kilometre of ether carrying light as intense as sunlight is at the 
surface of the earth, the mass moving is only about one-fifty-millionth of 
amilligramme. We must be careful not to confuse this with the mass of 
a cubic kilometre of ether ; it is only the mass moved when the light passes 
through it ; the vast majority of the ether is left undisturbed by the light. 
Now, on the electromagnetic theory of light, a wave of light may 
be regarded as made up of groups of lines of electric force moving with the 
velocity of light; and if we take this point of view we can prove that the 
mass of ether per cubic centimetre carried along is. proportional to the 
energy possessed by these lines of electric force per cubic centimetre, 
divided by the square of the velocity of light. But though lines of electric 
force carry some of the ether along with them as they move, the amount 
so carried, even in the strongest electric fields we can produce, is but 
a minute fraction of the ether in their neighbourhood. 

This is proved by an experiment made by Sir Oliver Lodge in which 
light was made to travel through an electric field in rapid motion. If 
the electric field had carried the whole of the ether with it, the velocity 
of the light would have been increased by the velocity of the electric 
field. As a matter of fact no increase whatever could be detected, though 


it would have been registered if it had amounted to one-thousandth part 
of that of the field. 
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The ether carried along by a wave of light must be an exceedingly 
small part of the volume through which the wave is spread. Parts of 
this volume are in motion, but by far the greater part is at rest; thus 
in the wave front there cannot be uniformity, at some parts the ether 
is moving, at others it is at rest—in other words, the wave front must 
be more analogous to bright specks on a dark ground than to a uniformly 
illuminated surface. 

The place where the density of the ether carried along by an 
electric field rises to its highest value is close to a corpuscle, for 
round the corpuscles are by far the strongest electric fields of which we 
have any knowledge. We know the mass of the corpuscle, we know 
from Kaufmann’s experiments that this arises entirely from the electric 
charge, and is therefore due to the ether carried along with the corpuscle 
by the lines of force attached to it. 

A simple calculation shows that one-half of this mass is contained in 
a volume seven times that of a corpuscle. Since we know the volume 
of the corpuscle as well as the mass, we can calculate the density of the 
ether attached to the corpuscle; doing so, we find it amounts to the 
prodigious value of about 5 x 10?°, or about 2,000 million times that 
of lead. Sir Oliver Lodge, by somewhat different considerations, has 
arrived at a value of the same order of magnitude. 

Thus around the corpuscle ether must have an extravagant density : 
whether the density is as great as this in other places depends upon 
whether the ether is compressible or not. If it is compressible, then it 
may be condensed round the corpuscles, and there have an abnormally 
great density ; if it is not compressible, then the density in free space 
cannot be less than the number I have just mentioned. 

With respect to this point we must remember that the forces acting 
on the ether close to the corpuscle are prodigious. If the ether were, for 
example, an ideal gas whose density increased in proportion to the 
pressure, however great the pressure might be, then if, when exposed to 
the pressures which exist in some directions close to the corpuscle, it had 
the density stated above, its density under atmospheric pressure would 
only be about 8 x 10~", or a cubic kilometre would havea mass less than 
a gramme; so that instead of being almost incomparably denser than 
lead, it would be almost incomparably rarer than the lightest gas. 

I do not know at present of any effect which would enable us to 
determine whether ether is compressible or not. And although at first 
sight the idea that we are immersed in a medium almost infinitely 
denser than lead might seem inconceivable, it is not so if we remember 
that in all probability matter is composed mainly of holes. We may, 
in fact, regard matter as possessing a bird-cage kind of structure 
in which the volume of the ether disturbed by the wires when 
the structure is moved is infinitesimal in comparison with the volume 
enclosed by them. If we do this, no difficulty arises from the great 
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density of the ether ; all we have to do is to increase the distance between 
the wires in proportion as we increase the density of the ether. 

Let us now consider how much ether is carried along by ordinary 
matter, and what effects this might be expected to produce. 

The simplest electrical system we know, an electrified sphere, has 
attached to it a mass of ether proportional to its potential energy, and 
such that if the mass were to move with the velocity of light its kinetic 
energy would equal the electrostatic potential energy of the particle. 
This result can be extended to any electrified system, and it can be 
shown that such a system binds a mass of the ether proportional to its 
potential energy. Thus a part of the mass of any system is propor- 
tional to the potential energy of the system. 

The question now arises, Does this part of the mass add anything to 
the weight of the body? If the ether were not subject to gravitational 
attraction x certainly would not ; and even if the ether were ponderable, we 
might expect that as the mass is swimming in a sea of ether it would 
not increase the weight of the body to which it is attached. But if it does 
not, then a body with a large amount of potential energy may have an 
appreciable amount of its mass in a form which does not increase its 
weight, and thus the weight of a given mass of it may be less than that 
of an equal mass of some substance with a smaller amount of potential 
energy. ‘Thus the weights of equal masses of these substances would be 
different. Now, experiments with pendulums, as Newton pointed out, 
enable us to determine with great accuracy the weights of equal masses 
of different substances. Newton himself made experiments of this kind, 
and found that the weights of equal masses were the same for all the 
materials he tried. Bessel, in 1880, made some experiments on this 
subject which are still the most accurate we possess, and he showed 
that the weights of equal masses of lead, silver, iron, brass did not 
differ by as much as one part in 60,000. 

The substances tried by Newton and Bessel did not, however, include 
any of those substances which possess the marvellous power of radio- 
activity ; the discovery of these came much later, and is one of the most 
striking achievements of modern physics. 

These radio-active substances are constantly giving out large 
quantities of heat, presumably at the expense of their potential energy ; 
thus when these substances reach their final non-radio-active state their 
potential energy must be less than when they were radio-active. 
Professor Rutherford’s measurements show that the energy emitted by 
one gramme of radium in the course of its degradation to non-radio- 
active forms is equal to the kinetic energy of a mass of },th of a milli- 
gramme moving with the velocity of light. 

This energy, according to the rule I have stated, corresponds 
to a mass of 4th of a milligramme of the ether, and thus a gramme 
of radium in its radio-active state must have at least ~,th of a 
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_ milligramme more of ether attached to it than when it has been degraded 
into the non-radio-active forms. Thus if this ether does not increase the 
weight of the radium, the ratio of mass to weight for radium would be 
greater by about one part in 13,000 than for its non-radio-active products. 

I attempted several years ago to find the ratio of mass to weight for 
radium by swinging a little pendulum, the bob of which was made of 
radium. I had only a small quantity of radium, and was not therefore 
able to attain any great accuracy. I found that the difference, if any, 
in the ratio of the mass to weight between radium and other substances 
was not more than one part in 2,000. Lately we have been using at the 
Cavendish Laboratory a pendulum whose bob was filled with uranium 
oxide. We have got good reasons for supposing that uranium is a parent 
of radium, so that the great potential energy and large ethereal mass 
possessed by the radium will be also in the uranium ; the experiments are 
not yet completed. It is, perhaps, expecting almost too much to hope 
that the radio-active substances may add to the great services they have 
already done to science by furnishing the first case in which there is some 
differentiation in the action of gravity. 

The mass of ether bound by any system is such that if it were to move 
with the velocity of light its kinetic energy would be equal to the potential 
energy of the system. This result suggests a new view of the nature 
of potential energy. Potential energy is usually regarded as essentially 
different from kinetic energy. Potential energy depends on the configura- 
tion of the system, and can be calculated from it when we have the requisite 
data ; kinetic energy, on the other hand, depends upon the velocity of the 
system. According to the principle of the conservation of energy the one 
form can be converted into the other at a fixed rate of exchange, so that 
when one unit of one kind disappears a unit of the other simultaneously 
appears. 

Now in many cases this rule is all that we require to calculate the 

_ behaviour of the system, and the conception of potential energy is of the 

‘ utmost value in making the knowledge derived from experiment and 

_ observation available for mathematical calculation. It must, however, 

_ I think, be admitted that from the purely philosophical point of view 

it is open to serious objection. It violates, for example, the principle 

_ of continuity. When a thing changes from a state A to a different state 

_ B, the principle of continuity requires that it must pass through a number 
of states intermediate between A and B, so that the transition is made 
~ gradually and not abruptly. Now when kinetic energy changes 

% into potential, although there is no discontinuity in the quantity of the 
_ energy, there is in its quality, for we do not recognise any kind of energy 
_ intermediate between that due to the motion and that due to the position 

of the system, and some portions of energy are supposed to change 
per saltum from the kinetic to the potential form. In the case of the 


transition of kinetic energy into heat energy in a gas, the discontinuity 
02 
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has disappeared with a fuller knowledge of what the heat energy in a 
gas is due to. When we were ignorant of the nature of this energy, 
the transition from kinetic into thermal energy seemed discontinuous ; 
but now we know that this energy is the kinetic energy of the molecules 
of which the gas is composed, so that there is no change in the type of 
energy when the kinetic energy of visible motion is transformed into 
the thermal energy of a gas—it is just the transference of kinetic energy 
from one body to another. 

If we regard potential energy as the kinetic energy of portions of the 
ether attached to the system, then all energy is kinetic energy, due to 
the motion of matter or of portions of ether attached to the matter. I 
showed, many years ago, in my ‘Applications of Dynamics to Physics 
and Chemistry,’ that we could imitate the effects of the potential 
energy of a system by means of the kinetic energy of invisible systems 
connected in an appropriate manner with the main system, and that 
the potential energy of the visible universe may in reality be the kinetic 
energy of an invisible one connected up with it. We naturally suppose 
that this invisible universe is the luminiferous ether, that portions of the 
ether in rapid motion are connected with the visible systems, and that 
their kinetic energy is the potential energy of the systems. 

We may thus regard the ether as a bank in which we may deposit 
energy and withdraw it at our convenience. The mass of the ether 
attached to the system will change as the potential energy changes, and 
thus the mass of a system whose potential energy is changing cannot 
be constant; the fluctuations in mass under ordinary conditions are, 
however, so small that they cannot be detected by any means at present 
at our disposal. Inasmuch as the various forms of potential energy are 
continually being changed into heat energy, which is the kinetic energy 
of the molecules of matter, there is a constant tendency for the mass of 
a system such as the earth or the sun to diminish, and thus as time 
goes on for the mass of ether gripped by the material universe to become 
smaller and smaller; the rate at which it would diminish would, how- 
ever, get slower as time went on, and there is no reason to think that it 
would ever get below a very large value. 

Radiation of light and heat from an incandescent body like the sun 
involves a constant loss of mass by the body. Hach unit of energy 
radiated carries off its quota of mass, but as the mass ejected from the 
sun per year is only one part in 20 billionths (1 in 2 X 10") of the mass 
of the sun, and as this diminution in mass is not necessarily accompanied 
by any decrease in its gravitational attraction, we cannot expect to be 
able to get any evidence of this effect. 

As our knowledge of the properties of light has progressed, we have 
been driven to recognise that the ether, when transmitting light, 
possesses properties which, before the introduction of the electro- 
magnetic theory, would have been thought to be peculiar to an emission 
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theory of light and to be fatal to the theory that light consists of 
undulations. 

Take, for example, the pressure exerted by light. This would follow 
as a matter of course if we supposed light to be small particles moving 
with great velocities, for these, if they struck against a body, would 
manifestly tend to push it forward, while on the undulatory theory 
there seemed no reason why any effect of this kind should take place. 

Indeed, in 1792 this very point was regarded as a test between the 
theories, and Bennet made experiments to see whether or not he could 
find any traces of this pressure. We now know that the pressure is 
there, and if Bennet’s instrument had been more sensitive he must have 
observed it. It is perhaps fortunate that Bennet had not at his com- 
mand more delicate apparatus. Had he discovered the pressure of 
light, it would have shaken confidence in the undulatory theory and 
checked that magnificent work at the beginning of the last century 
which so greatly increased our knowledge of optics. 

As another example, take the question of the distribution of energy 
in a wave of light. On the emission theory the energy in the light is the 
kinetic energy of the light particles. Thus the energy of light is made 
up of distinct units, the unit being the energy of one of the particles. 

The idea that the energy has a structure of this kind has lately 
received a good deal of support. Planck, in a very remarkable series of 
investigations on the Thermodynamics of Radiation, pointed out that the 
expressions for the energy and entropy of radiant energy were of such 
a form as to suggest that the energy of radiation, like that of a gas on 
the molecular theory, was made up of distinct units, the magnitude of 
the unit depending on the colour of the light; and on this assumption 
he was able to calculate the value of the unit, and from this deduce 
incidentally the value of Avogadro’s constant—the number of molecules 
in a cubic centimetre of gas at standard temperature and pressure. 

This result is most interesting and important because if it were a 
legitimate deduction from the Second Law of Thermodynamics, it would 
appear that only a particular type of mechanism for the vibrators which 
give out light and the absorbers which absorb it could be in accordance 
with that law. 

If this were so, then, regarding the universe as a collection of 
machines all obeying the laws of dynamics, the Second Law of Thermo- 
dynamics would only be true for a particular kind of machine. 

There seems, however, grave objection to this view, which I may illus- 
trate by the case of the First Law of Thermodynamics, the principle of the 
Conservation of Energy. This must be true whatever be the nature of 
the machines which make up the universe; provided they obey the laws of 
dynamics, any application of the principle of the Conservation of Energy 
could not discriminate between one type of machine and another. 

Now, the Second Law of Thermodynamics, though not a dynamical 
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principle in as strict a sense as the law of the Conservation of Energy, is 
one that we should expect to hold for a collection of a large number of 
machines of any type, provided that we could not directly affect the indi- 
vidual machines, but could only observe the average effects produced by 
an enormous number of them. On this view the Second Law, as well as 
the First, should be incapable of saying that the machines were of any 
particular type: so that investigations founded on thermodynamics, 
though the expressions they lead to may suggest—cannot, I think, be 
regarded as proving—the unit structure of light energy. 

It would seem as if in the application of thermodynamics to radia- 
tion some additional assumption has been implicitly introduced, for these 
applications lead to definite relations between the energy of the light of 
any particular wave length and the temperature of the luminous body. 

Now a possible way of accounting for the light emitted by hot bodies 
is to suppose that it arises from the collisions of corpuscles with the 
molecules of the hot body, but it is only for one particular law of force 
between the corpuscles and the molecules that the distribution of energy 
would be the same as that deduced by the Second Law of Thermo- 
dynamics, so that in this case, as in the other, the results obtained by the 
application of thermodynamics to radiation would require us to suppose 
that the Second Law of Thermodynamics is only true for radiation 
when the radiation is produced by mechanism of a special type. 

Quite apart, however, from considerations of thermodynamics, we 
should expect that the light from a luminous source should in many 
cases consist of parcels possessing, at any rate to begin with, a definite 
amount of energy. Consider, for example, the case of a gas like sodium 
vapour, emitting light of a definite wave length; we may imagine that 
this light, consisting of electrical waves, is emitted by systems resembling 
Leyden jars. The energy originally possessed by such a system will be 
the electrostatic energy of the charged jar. When the vibrations are 
started, this energy will be radiated away into space, the radiation 
forming a complex system, containing, if the jar has no electrical 
resistance, the energy stored up in the jar. 

The amount of this energy will depend on the size of the jar and the 
quantity of electricity with which it is charged. With regard to the 
charge, we must remember that we are dealing with systems formed 
out of single molecules, so that the charge will only consist of one or two 
natural units of electricity, or, at all events, some small multiple of that 
unit, while for geometrically similar Leyden jars the energy for a given 
charge will be proportional to the frequency of the vibration ; thus, the 
energy in the bundle of radiation will be proportional to the frequency 
of the vibration. 

We may picture to ourselves the radiation as consisting of the lines 
of electric force which, before the vibrations were started, were held 
bound by the charges on the jar, and which, when the vibrations begin, 
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are thrown into rhythmic undulations, liberated from the jar, and travel 
through space with the velocity of light. 

Now let us suppose that this system strikes against an uncharged 
condenser and gives it a charge of electricity, the charge on the plates 
of the condenser must be at least one unit of electricity, because fractions 
of this charge do not exist, and each unit charge will anchor a unit 
tube of force, which must come from the parcel of radiation falling 
upon it. Thus a tube in the incident light will be anchored by the 
condenser, and the parcel formed by this tube will be anchored and 
withdrawn as a whole from the pencil of light incident on the con- 
denser. If the energy required to charge up the condenser with a 
unit of electricity is greater than the energy in the incident parcel, the 
tube will not be anchored and the light will pass over the condenser and 
escape from it. These principles, that radiation is made up of units, and 
that it requires a unit possessing a definite amount of energy to excite 
radiation in a body on which it falls, perhaps receive their best illustra- 
tion in the remarkable laws governing Secondary Réntgen radiation, 
recently discovered by Professor Barkla. Professor Barkla has found 
that each of the different chemical elements, when exposed to Réntgen 
rays, emit a definite type of secondary radiation whatever may have 
been the type of primary: thus lead emits one type, copper another, 
and so on; but these radiations are not excited at all if the primary 
radiation is of a softer type than the specific radiation emitted by the 
substance; thus the secondary radiation from lead being harder than 
that from copper, if copper is exposed to the secondary radiation from 
lead the copper will radiate, but lead will not radiate when exposed to 
copper. ‘Thus, if we suppose that the energy in a unit of hard Réntgen 
rays is greater than that in one of soft, Barkla’s results are strikingly 
analogous to those which would follow on the unit theory of light. 

Though we have, I think, strong reasons for thinking that the energy 
in the light waves of definite wave length is done up into bundles, and 
that these bundles, when emitted, all possess the same amount of energy, 
I do not think there is any reason for supposing that in any casual 
specimen of light of this wave length, which may subsequent to its 
emission have been many times refracted or reflected, the bundles possess 
any definite amount of energy. For consider what must happen when 
a bundle is incident on a surface such as glass, when part of it is 
reflected and part transmitted. The bundle is divided into two portions, 
in each of which the energy is less than the incident bundle, and since 
these portions diverge and may ultimately be many thousands of miles 
apart, it would seem meaningless still to regard them as forming one 
unit. Thus the energy in the bundles of light, after they have suffered 
partial reflection, will not be the same as in the bundles when they 
were emitted. The study of the dimensions of these bundles, for 
example, the angle they subtend at the luminous source, is an interesting 
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subject for investigation; experiments on interference between rays of 
light emerging in different directions from the luminous source would 
probably throw light on this point. 

I now pass to a very brief consideration of one of the most important 
and interesting advances ever made in physics, and in which Canada, 
as the place of the labours of Professors Rutherford and Soddy, has 
taken a conspicuous part. I mean the discovery and investigation of 
radio-activity. | Radio-activity was brought to light by the Réntgen 
rays. One of the many remarkable properties of these rays is to excite 
phosphorescence in certain substances, including the salts of uranium, 
when they fall upon them. Since Réntgen rays produce phosphor- 
escence, it occurred to Becquerel to try whether phosphorescence would 
produce Réntgen rays. He took some uranium salts which had been 
made to phosphoresce by exposure, not to Réntgen rays but to sunlight, 
tested them, and found that they gave out rays possessing properties 
similar to Réntgen rays. Further investigation showed, however, 
that to get these rays it was not necessary to make the uranium phos- 
phoresce, that the salts were just as active if they had been kept in the 
dark. It thus appeared that the property was due to the metal and not 
to the phosphorescence, and that uranium and its compounds possessed 
the power of giving out rays which, like Réntgen rays, affect a photo- 
graphic plate, make certain minerals phosphoresce, and make gases 
through which they pass conductors of electricity. 

Niepce de Saint-Victor had observed some years before this discovery 
that paper soaked in a solution of uranium nitrate affected a photo- 
graphic plate, but the observation excited but little interest, The 
ground had not then been prepared, by the discovery of the Rontgen 
rays, for its reception, and it withered and was soon forgotten. 

Shortly after Becquerel’s discovery of uranium, Schmidt found 
that thorium possessed similar properties. 'Then Monsieur and Madame 
Curie, after a most difficult and laborious investigation, discovered two 
new substances, radium and polonium, possessing this property to an 
enormously greater extent than either thorium or uranium, and this 
was followed by the discovery of actinium by Debierne. Now the 
researches of Rutherford and others have led to the discovery of so many 
new radio-active substances that any attempts at christening seems to 
have been abandoned, and they are denoted, like policemen, by the 
letters of the alphabet. 

Mr. Campbell has recently found that potassium, though far inferior 
in this respect to any of the substances I have named, emits an appre- 
ciable amount of radiation, the amount depending only on the quantity 
of potassium, and being the same whatever the source from which the 
potassium is obtained or whatever the elements with which it may be 
in combination. 

The radiation emitted by these substances is of three types, known 
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as a, 6, and y rays. Thea rays have been shown by Rutherford to 
be positively electrified atoms of helium, moving with speeds which 
reach up to about one-tenth of the velocity of light. The # rays are 
negatively electrified corpuscles, moving in some cases with very nearly 
the velocity of light itself, while the y rays are unelectrified, and are 
analogous to the Réntgen rays. 

The radio-activity of uranium was shown by Crookes to arise from 
something mixed with the uranium, and which differed sufficiently in 
properties from the uranium itself to enable it to be separated by 
chemical analysis. He took some uranium, and by chemical treat- 
ment separated it into two portions, one of which was radio-active and 
the other not. 

Next Becquerel found that if these two portions were kept for 
several months, the part which was not radio-active to begin with 
gained radio-activity, while the part which was radio-active to begin 
with had lost its radio-activity. These effects and many others receive 
a complete explanation by the theory of radio-active change which we 
owe to Rutherford and Soddy. 

According to this theory, the radio-active elements are not permanent, 
but are gradually breaking up into elements of lower atomic weight; 
uranium, for example, is slowly breaking up, one of the products being 
radium, while radium breaks up into a radio-active gas called radium 
emanation, the emanation into another radio-active substance, and so on, 
and that the radiations are a kind of swan’s song emitted by the atoms 
when they pass from one form to another; that, for example, it is when 
a radium atom breaks up and an atom of the emanation appears that the 
rays which constitute the radio-activity are produced. 

Thus, on this view the afoms of the radio-active elements are not 
immortal: they perish after a life whose average value ranges from 
thousands of millions of years in the case of uranium to a second or so in 
the case of the gaseous emanation from actinium. 

When the atoms pass from one state to another they give out large 
stores of energy, thus their descendants do not inherit:the whole of their 
wealth of stored-up energy, the estate becomes less and less wealthy with 
each generation; we find, in fact, that the politician when he imposes 
death duties is but imitating a process which has been going on for ages 
in the case of these radio-active substances. 

Many points of interest arise when we consider the rate at which the 
atoms of radio-active substance disappear. Rutherford has shown that 
whatever be the age of these atoms, the percentage of atoms which 
disappear in one second is always the same; another way of putting it 
is that the expectation of life of an atom is independent of its age— 
that an atom of radium a thousand years old is just as likely to live 
for another thousand years as one just sprung into existence. 

Now this would be the case if the death of the atom were due to 
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something from outside which struck old and young indiscriminately ; 
in a battle, for example, the chance of being shot is the same for old and 
young; so that we are inclined at first to look to something coming from 
outside as the cause why an atom of radium, for example, suddenly 
changes into an atom of the emanation. But here we are met with the 
difficulty that no changes in the external conditions that we have as yet 
been able to produce have had any effect on the life of the atom; as far 
as we know at present the life of a radium atom is the same at the tem- 
perature of a furnace as at that of liquid air—it is not altered by sur- 
rounding the radium by thick screens of lead or other dense materials 
to ward off radiation from outside, and, what to my mind is especially 
significant, it is the same when the radium is in the most concentrated 
form, when its atoms are exposed to the vigorous bombardment from 
the rays given-off by the neighbouring atoms, as when it is in the most 
dilute solution, when the rays are absorbed by the water which separates 
one atom from another. This last result seems to me to make it some- 
what improbable that we shall be able to split up the atoms of the non- 
radio-active elements by exposing them to the radiation from radium; 
if this radiation is unable to affect the unstable radio-active atoms, it is 
somewhat unlikely that it will be able to affect the much more stable non- 
radio-active elements. 

The evidence we have at present is against a disturbance coming 
from outside breaking up of the radio-active atoms, and we must 
therefore look to some process of decay in the atom itself; but if 
this is the case, how are we to reconcile it with the fact that the expecta- 
tion of life of an atom does not diminish as the atom gets older? We 
can do this if we suppose that the atoms when they are first produced 
have not all the same strength of constitution, that some are more 
robust than others, perhaps because they contain more intrinsic energy 
to begin with, and will therefore have a longer life. Now if when 
the atoms are first produced there are some which will live for one year, 
some for ten, some for a thousand, and so on; and if lives of all 
durations, from nothing to infinity, are present in such proportion that 
the number of atoms which will live longer than a certain number of 
years decrease in a constant proportion for each additional year of life, 
we can easily prove that the expectation of life of an atom will be the 
same whatever its age may be. On this view the different atoms 
of a radio-active substance are not, in all respects, identical. 

The energy developed by radio-active substances is exceedingly large, 
one gramme of radium developing nearly as much energy as would be 
produced by burning a ton of coal. This energy is mainly in the a 
particles, the positively charged helium atoms which are emitted when the 
change in the atom takes place; if this energy were produced by electrical 
forces it would indicate that the helium atom had moved through a poten- 
tial difference of about two million volts on its way out of the atom of 
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radium. The source of this energy is a problem of the deepest interest ; 
if it arises from the repulsion of similarly electrified systems exerting 
forces varying inversely as the square of the distance, then to get the 
requisite amount of energy the systems, if their charges were com- 
parable with the charge on the a particle, could not when they start be 
further apart than the radius of a corpuscle, 10’ cm. If we suppose 
that the particles do not acquire this energy at the explosion, but that 
before they are shot out of the radium atom they move in circles 
inside this atom with the speed with which they emerge, the forces 
required to prevent particles moving with this velocity from flying off 
at a tangent are so great that finite charges of electricity could only 
produce them at distances comparable with the radius of a corpuscle. 

One method by which the requisite amount of energy could be obtained 
is suggested by the view to which I have already alluded—thai in the atom 
we have electrified systems of very different types, one small, the other 
large ; the radius of one type is comparable with 10-"cm., that of the 
other is about 100,000 times greater. The electrostatic potential energy in 
the smaller bodies is enormously greater than that in the larger ones; if 
one of these small bodies were to explode and expand to the size of the 
larger ones, we should have a liberation of energy large enough to endow 
an a particle with the energy it possesses. Is it possible that the 
positive units of electricity were, to begin with, quite as small as the 
negative, but while in the course of ages most of these have passed from 
the smaller stage to the larger, there are some small ones still lingering 
in radio-active substances, and it is the explosion of these which liberates 
the energy set free during radio-active transformation ? 

The properties of radium have consequences of enormous import- 
ance to the geologist as well as to the physicist or chemist. In fact, the 
discovery of these properties has entirely altered the aspect of one of the 
most interesting geological problems, that of the age of the earth. Before 
the discovery of radium it was supposed that the supplies of heat 
furnished by chemical changes going on in the earth were quite insig- 
nificant, and that there was nothing to replace the heat which flows from 
the hot interior of the earth to the colder crust. Now when the earth 
first solidified it only possessed a certain amount of capital in the form 
of heat, and if it is continually spending this capital and not gaining 
any fresh heat it is evident that the process cannot have been going 
on for more than a certain number of years, otherwise the earth would 
be colder than it is. Lord Kelvin in this way estimated the age of 
the earth to be less than 100 million years. Though the quantity of 
radium in the earth is an exceedingly small fraction of the mass of 
the earth, only amounting according to the determinations of Professors 
Strutt and Joly to about five grammes in a cube whose side is 100 miles, 
- yet the amount of heat given out by this small quantity of radium is so 
great that it is more than enough to replace the heat which flows from the 
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inside to the outside of the earth. This, as Rutherford has pointed out, 
entirely vitiates the previous method of determining the age of the earth. 
The fact is that the radium gives out so much heat that we do not quite 
know what to do with it, for if there was as much radium throughout the 
interior of the earth as there is in its crust, the temperature of the earth 
would increase much more rapidly than it does as we descend below the 
earth’s surface. Professor Strutt has shown that if radium behaves 
in the interior of the earth as it does at the surface, rocks similar to those 
in the earth’s crust cannot extend to a depth of more than forty-five 
miles below the surface. ; 

It is remarkable that Professor Milne from the study of earthquake 
phenomena had previously come to the conclusion that rocks similar 
to those at the earth’s surface only descend a short distance below 
the surface; he estimates this distance at about thirty miles, and con- 
cludes that at a depth greater than this the earth is fairly homogeneous. 

Though the discovery of radio-activity has taken away one method 
of calculating the age of the earth, it has supplied another. 

The gas helium is given out by radio-active bodies, and since, 
except in beryls, it is not found in minerals which do not con- 
tain radio-active elements, it is probable that all the helium in these 
minerals has come from these elements. In the case of a mineral con- 
taining uranium, the parent of radium in radio-active equilibrium, with 
radium and its products, helium will be produced at a definite rate. 
Helium, however, unlike the radio-active elements, is permanent and 
accumulates in the mineral ; hence if we measure the amount of helium in 
a sample of rock and the amount produced by the sample in one year we 
can find the length of time the helium has been accumulating, and hence 
the age of the rock. This method, which is due to Professor Strutt, may 
lead to determinations not merely of the average age of the crust of the 
earth but of the ages of particular rocks and the date at which the various 
strata were deposited ; he has, for exampie, shown in this way that a speci- 
men of the mineral thorianite must be more than 240 million years old. 

The physiological and medical properties of the rays emitted by 
radium is a field of research in which enough has already been done to 
justify the hope that it may lead to considerable alleviation of human 
suffering. It seems quite definitely established that for some diseases, 
notably rodent ulcer, treatment with these rays has produced remarkable 
cures ; it is imperative, lest we should be passing over a means of saving 
life and health, that the subject should be investigated in a much more 
systematic and extensive manner than there has yet been either time 
or material for. Radium is, however, so costly that few hospitals could 
afford to undertake pioneering work of this kind; fortunately, however, 
through the generosity of Sir Ernest Cassel and Lord Iveagh a Radium 
Institute, under the patronage of his Majesty the King, has been founded 
in London for the study of the medical properties of radium, and for the 
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treatment of patients suffering from diseases for which radium is bene- 
ficial. 

The new discoveries made in physics in the last few years, and the 
ideas and potentialities suggested by them, have had an effect upon the 
workers in that subject akin to that produced in literature by the Renais- 
sance. Enthusiasm has been quickened, and there is a hopeful, youth- 
ful, perhaps exuberant, spirit abroad which leads men to make with con- 
fidence experiments which would have been thought fantastic twenty 
years ago. It has quite dispelled the pessimistic feeling, not uncommon 
at that time, that all the interesting things had been discovered, and all 
that was left was to alter a decimal or two in some physical constant. 
There never was any justification for this feeling, there never were any 
signs of an approach to finality in science. The sum of knowledge is 
at present, at any rate, a diverging not a converging series. As we 
conquer peak after peak we see in front of us regions full of interest and 
beauty, but we do not see our goal, we do not see the horizon; in the 
distance tower still higher peaks, which will yield to those who ascend 
them still wider prospects, and deepen the feeling, whose truth is 


emphasised by every advance in science, that ‘ Great are the Works ot 
the Lord.’ 
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The Further Tabulation of Bessel Functions.—Report of the Committee, 

* consisting of Professor M. J. M. Hitt (Chairman), Dr. L. N. G. 

Fiton (Secretary), Professor ALFRED LopGE, and Dr. J. W. 
NICHOLSON. 


Ture Committee have made further progress with the calculations. Using 
the notation of previous Reports, values of Q,,(«) have been calculated for 
integral values of », from n=1 to »=6. These are shown in Table IV. 
below, together with the values for n=0, which are reprinted from 
Table III. of the Report of the Committee for 1907. 

From these the values of a (= sin-\(Q/R)) have been computed from 
n=0 to n=6. To these are added the values for n=}, 14, . . . 63, for 
which the semi-convergent expansions for the Bessel function terminate, 
which renders the computation easier. 

Instead of a itself, however, log {8va/(4n?—1)} has been tabulated in 
Table V. below. The reason is that this quantity is fairly adapted for 
interpolation both for intermediate values of « and for intermediate 
values of 7, as it varies comparatively slowly, especially for large values 
of x. For values of x greater than 1,000 (which is the largest argument 
in the table) log {8va/(4n?—1)} is very sensibly zero : in no such case does 
it differ from zero by more than about 1 in the sixth place of decimals. 

From log {8xa/(4n?—1)}, log a and hence a are readily calculated, 
J,(«) is then found from the formula 


log J,(a)=log {Ra/=} —} log «+log cos (e+a—7—n)), 
Tv a 


the values of log {R/ zt being taken from Table II. of the 1907 
TT 


Report. 
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of 3, and for values of « greater than 10, can be computed to six places 


without sensible error. 
It is to be noted that the Neumann function Y,(x) can be calculated 


from the same data, for 
log LY,,(x)—(log, 2—y) J,(x)} 
ome 2 1 . Tv T. 
=log { Ra/=} —4} log x+log sin (2ta—7—n5), 


y being Euler’s constant. {log, 2—y=0°1159315.. .] 

The Committee are at present engaged on the tabulation of K,,(x), and 
hope to make some additions to the British Association Tables of 
I,(x) which are to be found in the Reports for 1889, 1893, and 1896. 
They are also considering the advisability of collecting all existing tables 
of Bessel functions and publishing them as a single set of tables ina form 
easily accessible to all students. 

The Committee desire reappointment without a grant. 


Magnetic Observations at Falmouth Observatory.—Report of the 
Committee, consisting of Sir W. H. PReEcE (Chairman), Dr. 
R. T. GuazEBRooK (Secretary), Professor W. G. ApAms, Dr. 
CHREE, Captain Creax, Mr. W. L. Fox, Sir ARTHUR RUCKER, 
and Professor SCHUSTER. 

Tue results of the magnetic observations at Falmouth Observatory 

for 1908 have been published in the Annual Report of the National 

Physical Laboratory as well as in that of the Royal Cornwall Poly- 

technic Society. The mean values of the magnetic elements for 1908 

were :— 


Declination . ; " : E 17° 54"7 W. 
Inclination P ‘ : F ‘ 66° 314 N. 
Horizontal Force. : ; 4 0°18798 C.G.S. 
Vertical Force . A ; F : 0°43279 C.G.S. 


The accuracy of the work seems to be satisfactorily maintained. 

Throughout the year Mr. Kitto has been regularly contributing par- 
ticulars of the daily magnetic condition as regards disturbance to the 
international tables which are at present prepared at de Bilt, Holland. 

Dr. Chree has recently been engaged on a comparison of the mag- 
netic disturbances recorded at the winter quarters of the National Ant- 
arctic Expedition of 1902-4 with those recorded simultaneously else- 
where, and has found the Falmouth curves very useful for this purpose. 
It is found that for purposes of intercomparison, disturbances of com- 
paratively small size when of short duration are in many respects 
simpler to deal with than the larger disturbances during which rapid 
oscillatory movements take place. But in handling the smaller dis- 
turbances, and in settling the exact times of their occurrence, it is of 
special importance to have curves whose edges are sharp and which 
are not blurred and indistinct through the disturbing effect of electric 
trams. Thus the undisturbed position of Falmouth proved of very 
material assistance. 

The comparison of magnetic disturbances is a subject to which in- 
creased attention is being given, as evidenced, for instance, by Prof. 
Birkeland’s recent important work on the subject. 
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The Committee learn that the progress of the magnetic work at 
Eskdalemuir has been further delayed owing to troubles with the under- 
ground chamber and the magnetographs, so that no opportunity has 
yet arisen for comparing the regular diurnal inequalities of the magnetic 
elements obtained at that station with those obtained in the South of 
England. For such a comparison records from Falmouth are iikely 
to be of especial importance. Believing that the continued mainten- 
ance of magnetic work at Falmouth in full efficiency is highly desirable, 
the Committee ask for reappointment with a grant of 501. 


Geodetic Arc in Africa.—Report of the Committee, consisting of 
Sir GEORGE DaRwIn (Chairman), Sir Davip Ginn (Secretary), 
Colonel C. F. CLosk, and Sir GrorGE GOLDIE, appointed to 
carry out a further portion of the Geodetic Are of Meridian 
North of Lake Tanganyika. 


1. The measurement was commenced in March 1908 and completed in 
February 1909. The arc extends from 1° 10’ N. to 1° 10’ S., i.e., the 
length is 24 degrees, or about 165 miles. 

2. One base, length eleven miles, was measured in the northern por- 
tion, in the Semliki Valley. The chain consists of one complex figure, 
three quadrilaterals, and one tetragon. 

3. All the stations have been marked in a permanent manner, and the 
Government of Uganda has been notified of their positions. 

4. The probable error of an observed angle is about 0.4”. 

5. Three azimuths and fourteen latitudes were observed. 

- 6. Magnetic observations for declination and dip were made at twenty 
stations. 

7. The work was organised by Major Bright, C.M.G., and carried 
out by a British party consisting of Captain Jack, R.E., Mr. McCaw, 
Mr. C. Chevallier, Lance-Corporal Jones, R.E., Lance-Corporal Page, 
R.E., and for a portion of the time Captain S. Iredell, 4th Battalion 
King’s African Rifles, who also commanded the escort. 

The Belgian party consisted of Captain Wangermée and Dr. Dehalu. 


Investigation of the Upper Atmosphere by means of Kites in co- 
operation with a Committee of the Royal Meteorological 
Society.—Highth Report of the Committee, consisting of 
Dr. W. N. SHaw (Chairman), Mr. W. H. Dines (Secretary), 
Mr. D, ArcuipaLp, Mr. C. Vernon Boys, Dr. R. T. Guaze- 
BROOK, Dr. H. R. Mutu, Professor J. E. Peravet, Professor 
A. ScuusTer, and Dr. W. Warson. (Drawn up by the 
Secretary). 


A MEETING was held in the rooms of the Royal Meteorological Society 
in November, at which it was decided that observations with pilot 
balloons should be made in Barbados, and Mr. Cave, who stated that 
he was going to Barbados, was asked to make the necessary arrange- 
ments, which he agreed to do. 

Mr. Cave was prevented from going as he had intended, and in con- 
Sequence the observations were not inaugurated, but the necessary 
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instruments have been obtained, and it is hoped that the observations will 
be made at some future date. 

The grant of 107. made at Dublin has been allotted to Professor 
Petavel to aid in meeting the expenses of a special inquiry as to the 
daily variation of temperature at great heights. Professor Petavel 
arranged for sending up twenty-five registering balloons at Man- 
chester on June 2-3, 1909, at hourly intervals; and a very fair number 
of the balloons, well distributed over the twenty-four hours, have been 
found. It is hoped that when the traces have been worked up some 
interesting information will be available. 


Experiments for Improving the Construction of Practical 
Standards for Electrical Measurements.—Report of the Com- 
mittee, consisting of Lord RayLEIGH (Chairman), Dr. R. T. 
GLAZEBROOK (Secretary), Professors J. Perry, W. G. ADAMS, 
and G. CAREY Foster, Sir OLIVER LopGgE, Dr. A. MuImRHEAD, 
Sir W. H. Presce, Professors A. ScHuUSTER, J. A. FLEMING, 
and Sir J. J. THomson, Dr. W. N. Suaw, Dr. J. T. 
Borromuey, Rev. T. C. Firzpatrrick, Dr. G. JOHNSTONE 
Stoney, Professor S. P. THompson, Mr. J. Renniz, Principal 
E. H. Grirritus, Sir ArTHUR RtcKer, Professor H. L. 
CALLENDAR, and Messrs. G. Matruey, A. P. TROTTER, 
T. MatTHer, and F. E. SMITH. 
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APPENDIX.—-Report of the International Conference on Electrical Units and 
Standards, London, 1908 . : i F $ : i - - : 41 


Tur Committee desire in the first place to record their sense of the 
great loss electrical science has sustained since their last meeting by 
the death of Professor Ayrton, F.R.S. The revival of the Electrical 
Standards Committee was proposed by him at the Swansea Meeting in 
1880. He had been a member since that date, and much of the work 
of the Committee owes its initiation to his inspiration. He contributed 
greatly to the success of the Ayrton-Jones ampere balance, and was 
deeply interested in the preparations for the Lorenz apparatus now 
being erected at the National Physical Laboratory as the gift of the 
Drapers’ Company in memory of Professor Viriamu Jones. The 
Committee will miss in no small degree his keen criticism and his 
active help. 

The International Conference on Electrical Units and Standards, 
referred to in previous Reports, met, on the invitation of H.M. Govern- 
ment, in the rooms of the Royal Society, from October 12 to October 22, 
1908. It was attended by forty-six delegates, representing twenty-two 
countries and four British dependencies. The Report of the Confer- 
ence is printed as an Appendix to this Report. In accordance with one 
of the resolutions passed by the Conference, Lord Rayleigh, as Chairman, 
appointed a committee of fifteen to advise as to the organisation of a 
permanent Commission, to formulate a plan for and to direct such work 
as may be necessary in connection with the maintenance of standards, 
fixing of values and intercomparisons of standards, and to complete the 
work of the Conference. 
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The work of this Committee is now in progress, and it is proposed 
that representatives of the National Physical Laboratory and of the 
Reichsanstalt should visit Washington this autumn. 

In their last Report the Committee suggested the republication of 
the Reports of the original Committee from 1862 to 1871, and of the 
present Committee from 1881, as a memorial to the connection of Lord 
Kelvin with their work. They are glad to learn that the recommenda- 
tion from the Committee of Section A in favour of this course has been 
accepted by the Council, and that a proposal to undertake the projected 

republication will be made to the General Committee at Winnipeg. 
: The Committee are greatly indebted to Mr. R. K. Gray for a 
generous donation of 100]. towards the expenses of this work. 

In the Appendix to the Report of the Committee for 1905 it is stated 
that slight variations in the electromotive force of the Weston normal 
cell can be produced by. 12% per cent. cadmium amalgam. A pre- 
liminary investigation showed that the variations were generally very 
small and not easily reproduced. In general the electromotive force 
was normal at 0° C. A more exhaustive investigation has now been 
completed at the National Physical Laboratory, and the results show 
that in general the 123 per cent. amalgam may be used from 0° C. to 
above 60° without any appreciable error, but the E.m.F. of a standard 
cell containing such an amalgam may be very normal at all tempera. 
tures below 129° C. The limits of temperature for the general use of a 
122 per cent. amalgam are very nearly 12° C. to 629 C. A 10 per cent. 
amalgam may be used between 0° C. and 51° C. 

Progress with the Lorenz apparatus has been slow but satisfactory. 
The difficulties attending the driving have been overcome to a consider- 
able extent: an electric motor will be installed. The iron of the motor 
has been demonstrated to have no appreciable effect on the mutual 
induction of the Lorenz system’when a small addition to the electrical 
system is introduced. 

A comparison between the standards of resistance used at the 
National Physical Laboratory, the National Bureau of Standards, and 
the Physikalisch-Technische Reichsanstalt has been made by the use 
of some hermetically sealed standards belonging to the Bureau of 
Standards. The following tables give the results obtained :— 


TaBLE I.—Giving the Results of Comparisons made February-March 


1908. Values at 20° C. 
| Resistance as determined at | ba ninton 
No. of Coil laaD ONE SO eErS ER Mare re TFSi Meee | ees aa 
t SNRB Se N.P.L, P.T.R. N.P.L.-| N.P.L- 
(Jan.) (Feb.) (Mar.) N.B.S. | P.T.R, 
1. (B.S. 11024) 0:99980, 0'99982, 0:99981, 2°8 i [03 
2. (B.S. 11028) 0:99975, 0:99977, 0:99975, 2°6 His f 
3. (B.S. 1102c) 1:00000, 1:00002, 1:00001, 2:2 1-2 
12. (B.S. 2415p) 099998, 0:99999, 0:99997, 15 | 2:2 
1. (B.S. 39468) 99-990, 99991, 99-991, BeBe — Ord 
2. (B.S. 3946F) 99°985, 99-987, 99:987, 1:3 —01 
1. (B.S. 39461 . | 999°90, 999-92, — 1:8 — 
2. (BS. 39463). , 1000°01, 1000-03, —_ 16 | — 
Mean ae ae 
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TaBLE II.—Giving the Results of Comparisons made November 1908 to 
March 1909. Values at 20° C. 


| Resistance as determined at | Sstelae Ipc 00 
No. of Coil | } 
P.T.R. N.P.L. | 
NBS: |) N- PIs (Nov.1908 |(Feb.-Mar. N.P.L.- N.P.L- | 
(Sep. 1908) (Nov. 1908) 7... 1909) | 1909) N.B.S. PTR. | 
| elead See 
1. (8.5.1102a) . | 0-99999,; 1:00002,; — = 2°6 t= | 
2. (B.5.1102B) . | 0°99999,| 1:00002, — — 25e hiwiee. | 
3. (B.S. 1102c) . | 1:00000,| 1-00001, — — 16 — | 
4. (B.S.1102pD) . | 0:99999,| 1°00U01, | 0°99995, | 1:00001, 2-1 | 16 
11. (B.>. 5315c)  .  0°99999,| 1:00001,/ 1:0000u, | 1-00002, 2:9) ese? 
12. (B.S 5315D) . | 0°99998,; 1:00000,| 1:99998, | 1:00001, | 2°6 | 18 | 
1. (B.S. 3946E) . | 99°991, | 99°994, -— ob ope eae) Meant | 
2, (B.S. 3946F) . |99987, | 99°990, _ =) fh hyo a 
| | a a eee 
| Mean.| 25 | 1% | 


The unit coils Nos. 1 and 2 were adjusted at Washington on 
September 23, 1908, so as to give values more nearly equal to the 
nominal, The changes made were +0°00019. ohm and +0°00024 ohm 
respectively. 

Analysis of all the data relating to the comparisons indicates that the 
coil No. 11 (Table II.) changed by about 0°00001 ohm during trans- 
portation from Teddington to Charlottenburg. 

No, 12 is a comparatively new coil, having been sealed in January 
1908. 

At the Bureau of Standards (Washington) wire coils were employed 
as standards in all the comparisons. 

The values given by the N.P.L. in Table I. are in terms of the 
N.P.L. mercury standards of resistance, which were set up in Novem- 
ber to December 1907. The N.P.L. values in Table II. are in terms of 
the mercury standards of resistance which were erected in February 
1909. 

With respect to the values given by the Reichsanstalt, in Table I., 
Dr. Lindeck states, ‘The last complete series of measurements on 
the standards of the Reichsanstalt was carried out at the end of January 
and the beginning of February. The values given in the Table (I.) are 
based upon this series.’ 

In Table II. the P.T.R. values depend upon the values assigned 
to a wire standard of the Reichsanstalt which had been kept for about a 
year in an atmosphere of constant humidity, and frequently compared 
with other standards of resistance. 

In conclusion the Committee recommend that they be reappointed 
for the purpose of continuing their researches on the standards and 
carrying out the republications of the Reports if sanctioned by the 
General Committee, and that Lord Rayleigh be Chairman and Dr. R. T. 
Glazebrook Secretary. 
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APPENDIX. 


International Conference on Electrical Units and Standards, 1908. 
REPORT. 


The Conference on Electrical Units and Standards, for which invi- 
tations were issued by the British Government, was opened by the 
President of the Board of Trade, the Right Hon. Winston 8. Churchill, 
M.P., on Monday, October 12, 1908, at Burlington House, London, W. 

Delegates were present from twenty-two countries, and also from 
the following British Dependencies—namely, Australia, Canada, India, 
and the Crown Colonies. 

It was decided by the Conference that a vote each should be allowed 
to Australia, Canada, and India, but a vote was not claimed or allowed 
for the Crown Colonies. 

The total number of Delegates to the Conference was forty-six, and 
their names are set out in Schedule A to this Report. 

The officers of the Conference were :— 


President. 
The Right Hon. Lord Rayleigh, O.M., President of the Royal 
Society. : 
Vice-Presidents. 


Professor S. A. Arrhenius. M. Lippmann. 

Dr. N. Egoroff. Dr. 8. W. Stratton. 

Dr. Viktor Edler von Lang. Dr. E. Warburg. 
Secretaries. 

Mr. M. J. Collins. Mr. C. W. S. Crawley. 


Mr. W. Duddell, F.R.S. Mr. F. E. Smith. 


The Conference elected a Technical Committee to draft specifica- 
tions and to consider any matter which might be referred to the Com- 
mittee and to report to the Conference. 

The Conference and its Technical Committee each held five sittings. 

As a result of its deliberation the Conference adopted the resolu- 
tions and specifications attached to this Report and set out in 
Schedule B, and requested the Delegates to lay them before their respec- 
tive Governments with a view to obtaining uniformity in the legislation 
with regard to Electrical Units and Standards. 

The Conference recommends the use of the Weston normal cell as a 

convenient means of measuring both electromotive force and current 
When set up under the conditions specified in Schedule C. 
_ In cases in which it is not desired to set up the standards provided 
in the resolutions Schedule B, the Conference recommends the follow- 
ing as working methods for the realisation of the international ohm, 
the ampere, and the volt :— 


42 REPORTS ON THE STATE OF SCIENCE. 


1. For the International Ohm. 


The use of copies, constructed of suitable material and of suit- 
able form verified from time to time, of the international 
ohm, its multiples and submultiples. 


2. For the International Ampere. 


(a) The measurement of current by the aid of a current balance 
standardised by comparison with a silver voltameter ; or 

(b) The use of a Weston normal cell whose electromotive force 
has been determined in terms of the international ohm and 
international ampere, and of a resistance of known value in 
international ohms. 


3. For the International Volt. 


(a) A comparison with the difference of electrical potential 
between the ends of a coil of resistance of known value in 
international ohms, when carrying a current of known value 
in international amperes; or 

(b) The use of a Weston normal cell whose electromotive force 
has been determined in terms of the international ohm and 
the international ampere. 


The duties of specifying more particularly the conditions under 
which these methods are to be applied has been assigned to the Perma- 
nent Commission, and, pending its appointment, to the Scientific Com- 
mittee to be nominated by the President (see Schedule D), who will 
issue a series of Notes as Appendix to this Report. 

The Conference has considered the methods that should be recom- 
mended to the Governments for securing uniform administration in 
relation to electrical units and standards, and expresses the opinion that 
the best method of securing uniformity for the future would be by the 
establishment of an international electrical laboratory with the duties 
of keeping and maintaining international electrical standards. This 
laboratory to be equipped entirely independently of any national labora- 
tory. 
The Conference further recommends that action be taken in accord- 
ance with the scheme set out in Schedule D. 


Signed at London on October 21, 1908, 
by the Delegates of the Countries above written. 


For the United States of America.—S. W. Stratton, Henry S. Car- 
hart, and Edward B. Rosa. 

For Austria.—Victor Von Lang and Ludwig Kusminsky. 

For Belgium.—P. Clément. 

For Brazil.—Leopold J. Weiss. 

For Chile.—Victor Eastman. - 

For Colombia.—Jorge Roa. 

For Denmark and Sweden.—Svante Arrhenius. 

For Ecuador.—C. Nevares. 

For France.—G. Lippmann, J. René Benoit, and T. De Nerville. 

For Germany.—E. Warburg, W. Jaeger, and $t. Lindeck. 

For Great Britain.—Rayleigh, J. Gavey, R. T. Glazebrook, W. A. J. 
O'Meara, A. P. Trotter, and J. J. Thomson. 
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For Guatemala.—Francisco de Arce. 

For Hungary.—Harsanyi Desiré and Vater Joisef. 

For Italy.—Antonio Roiti. 

For Japan.—Osuke Asano and Shigeru Kondo. 

For Meaico.—Alfonso Castelld. 

For Netherlands.—Dr. H. Haga. 

For Paraguay.—Max. F. Croskey. 

For Russia.—N. Egoroff and L. Swentorzetzky. 

For Spain.—Jose Ma. de Madariaga and A. Montenegro. 

For Switzerland.—Dr. H. F. Weber, P. Chappuis, and Jean 
Landry. 

For Australia.—C. W. Darley and — Threlfall. 

For Canada.—Ormond Higman. 

For Crown Colonies. —P. Cardew. 

For India.—M. G. Simpson. 

In the presence of—M. J. Collins, W. Duddell, C. W. 8. Crawley, 
and F. E. Smith, Secretaries. 


SCHEDULE A. 


List oF CouNTRIES AND DELEGATES. 


America (United States)—Dr. 8. W. Stratton, Director Bureau 
of Standards, Washington; Dr. Henry 8S. Carhart, Professor of 
Physics at the University of Michigan; and Dr. E. B. Rosa, Physicist, 
Bureau of Standards, Washington. 

Austria.—Dr. Viktor Edler von Lang, President of the Commission 
of Weights and Measures, Vienna; and Dr. Ludwig Kusminsky, In- 
spector of above Commission. 

Belgium.—Professor Eric Gérard, Director of the Montefiore 
Electro-Technical Institution and President of the Consultative Com- 
mission on Electricity ; and Monsieur Clément, Secretary of the Con- 
- sultative Commission on Electricity. 

Brazil.—Mr. Ll. Weiss, Chef de la Section Technique des Tele- 
graphes, Brésil. 

Chile.—Don Victor Eastman, First Secretary to the Legation of 
Chile, London. 

Colombia.—Don Jorge Roa. 

Denmark and Sweden.—Professor S. A. Arrhenius, Nobel Insti- 
tute, Stockholm. 

Ecuador.—Sefior Don Celso Nevares, Consul-General. 

France.—Professor Lippmann, Member of the Institute and Pro- 
fessor at the Sorbonne; M. R. Benoit, Directeur du Bureau Interna- 
tional des Poids et Mesures; and M. de Nerville, Ingénieur en Chef des 
Télégraphes. 

Germany.—Professor Warburg, President of the Imperial Physico- 
Technical Institute ; Professor Jaeger, Member of the Imperial Physico- 
Technical Institute; and Professor Lindeck, Member of the Imperial 
Physico-Technical Institute. 

Great Britain.—The Right Hon. Lord Rayleigh, President of the 
Royal Society; Professor J. J. Thomson, F.R.S., Cambridge; Sir 
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John Gavey, C.B.; Dr. R. T. Glazebrook, F.R.S., Director of the 
National Physical Laboratory; Major W. A. J. O'Meara, C.M.G., 
Engineer-in-Chief General Post Office; and Mr. A. P. Trotter, Elec- 
trical Adviser to the Board of Trade. 

Guatemala.—Dr. Francisco de Arce, Diplomatic Representative, 
London and Paris. 

Hungary.—Joseph Vater, Director Technique des Postes and des 
Telegraphes, Budapest; and Dr. Desiré Harsanyi, Director of the Hun- 
garian Royal Commission for Weights and Measures. 

Ttaly.—Professor Antonio Roiti, of Florence. 

Japan.—Dr. Osuke Asano, Doctor of Engineering, Official Expert 
of the Department of Communications, Tokyo; and Mr. Shigeru Kondo, 
Official Expert of the Department of Communications, Tokyo, 

Mezico.—Don Alfonso Castellé and Don José Maria Perez. 

Netherlands.—Dr. H. Haga, Professor at the University of 
Groningen. 

Paraguay.—M. Maximo Croskey. 

Russia.—Dr. N. Egoroff, D.Sc., Director of the General Chamber 
of Weights and Measures; and Col. L. Swentorzetzky, Ingénieur Mili- 
taire, Prof. de l’Academie Militaire Nicolas des Ingénieurs, St. Peters- 
burg. 

Spain.—Don José Maria Madariaga, Professor of Electricity and 
Physics at the School of Mines, Madrid; and Don. A. Montenegro, 
Ingénieur Professor du Laboratoire de 1’Ecole de Mines, Madrid. 

Switzerland.—Dr. Fr. Weber, Professor at the Swiss Polytechnic 
School at Zurich; Dr. Pierre Chappuis, Membre Honoraire du Bureau 
International des Poids et Mesures; and Dr. J. Landry, Professor of 
Industrial Electricity in the University, Lausanne. 

British Colonies.—Australia: Mr. Cecil W. Darley, 1.8.0., late 
Inspecting and Consulting Engineer New South Wales Government ; 
and Professor Threlfall, M.A., F.R.S. Canada: Mr. Ormond Higman, 
Chief Electrical Engineer Electric Standards Laboratory, Ottawa. 
Crown Colonies: Major P. Cardew, Electrical Adviser. India: Mr. 
M. G. Simpson, Electrician of the Indian Telegraph Department. 

Secretaries: Mr. M. J. Collins, Mr. W. Duddell, F.R.S., Mr. 
C. W. S. Crawley, and Mr. F. E. Smith. 


SCHEDULE B. 
RESOLUTIONS. 


I. The Conference agrees that, as heretofore, the magnitudes of the 
fundamental electric units shall be determined on the electro-magnetic 
system of measurement with reference to the centimetre as the unit 
of length, the gramme as the unit of mass, and the second as the unit 
of time. 

These fundamental units are (1) the ohm, the unit of electric resist- 
ance which has the value of 1,000,000,000 in terms of the centimetre 
and second; (2) the ampere, the unit of electric current which has the 
value of one-tenth (0°1) in terms of the centimetre, gramme, and the 
second; (3) the volt, the unit of electromotive force which has the 
value 100,000,000 in terms of the centimetre, the gramme, and the 


ON PRACTICAL STANDARDS FOR ELECTRICAL MEASUREMENTS. 45 


second ; (4) the watt, the unit of power which has the value 10,000,000 
in terms of the centimetre, the gramme, and the second. 

II. As a system of units representing the above, and sufficiently 
near to them to be adopted for the purpose of electrical measurements 
and as a basis for legislation, the Conference recommends the adoption 
of the international ohm, the international ampere, and the inter- 
national volt defined according to the following definitions : — 

III. The ohm is the first primary unit. 

IV. The international ohm is defined as the resistance of a specified 
column of mercury. 

V. The international ohm is the resistance offered to an unvarying 
electric current by a column of mercury at the temperature of melting 
ice, 14°4521 grammes in mass, of a constant cross-sectional area and 
of a length of 106°300 centimetres. 

To determine the resistance of a column of mercury in terms of 
the international ohm, the procedure to be followed shall be that set 
out in Specification I. attached to these Resolutions. 

VI. The ampere is the second primary unit. 

VII. The international ampere is the unvarying electric current 
which, when passed through a solution of nitrate of silver in water, in 
accordance with Specification II. attached to these Resolutions, deposits 
silver at the rate of 0°00111800 of a gramme per second. 

VIII. The international volt is the electrical pressure which, when 
steadily applied to a conductor whose resistance is one international 
ohm, will produce a current of one international ampere. 

IX. The international watt is the energy expended per second by 
an unvarying electric current of one international ampere under an 
electric pressure of one international volt. 


Specirication I. 
Specification relating to Mercury Standards of Resistance. 


The glass tubes used for mercury standards of resistance must be 
made of a glass such that the dimensions may remain as constant as 
possible. The tubes must be well annealed and straight. The bore 
must be as nearly as possible uniform and circular, and the area of 
cross-section of the bore must be approximately one square millimetre. 
The mercury must have a resistance of approximately one ohm. 

Each of the tubes must be accurately calibrated. The correction 
to be applied to allow for the area of the cross-section of the bore not 
being exactly the same at all parts of the tube must not exceed 5 parts 
in 10,000. 

The mercury filling the tube must be considered as bounded by 
plane surfaces placed in contact with the ends of the tube. 

The length of the axis of the tube, the mass of mercury the tube 
contains, and the electrical resistance of the mercury are to be deter- 
mined at a temperature as near to 0° C. as possible. The measure- 
ments are to be corrected to 0° C. 

_ For the purpose of the electrical measurements, end vessels carry- 
ing connections for the current and potential terminals are to be fitted 
on to the tube. These end vessels are to be spherical in shape (of a 
diameter of approximately fon centimetres) and should haye cylindrical 
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pieces attached to make connections with the tubes. The outside edge 
of each end of the tube is to be coincident with the inner surface of the 
corresponding spherical end vessel. The leads which make contact 
with the mercury are to be of thin platinum wire fused into glass. 
The point of entry of the current lead and the end of the tube are to 
be at opposite ends of a diameter of the bulb; the potential lead is to be 
midway between these two points. All the leads must be so thin that 
no error in the resistance is introduced through conduction of heat to 
the mercury. The filling of the tube with mercury for the purpose of 
the resistance measurements must be carried out under the same con- 
ditions as the filling for the determination of the mass. 

The resistance which has to be added to the resistance of the tube 
to allow for the effect of the end vessels is to be calculated by the 


formula— 
0:80 /1 ,1 
cal fay 
A ro8ge(ertp) ° a 

where 7: and r. are the radii in millimetres of the end sections of the 
bore of the tube. 

The mean of the calculated resistances of at least five tubes shall 
be taken to determine the value of the unit of resistance. 

For the purpose of the comparison of resistances with a mercury 
tube the measurements shall be made with at least three separate fillings 
of the tube. 


SPECIFICATION II. 


Specification relating to the Deposition of Silver. 


The electrolyte shall consist of a solution of from 15 to 20 parts by 
weight of silver nitrate in 100 parts of distilled water. The solution 
must only be used once, and only for so long that not more than 30 per 
cent. of the silver in the solution is deposited. 

The anode shall be of silver, and the kathode of platinum. The 
current density at the anode shall not exceed 1/5 ampere per square 
centimetre and at the kathode 1/50 ampere per square centimetre. 

Not less than 100 cubic centimetres of electrolyte shall be used in 
a voltameter. 

Care must be taken that no particles which may become mechani- 
cally detached from the anode shall reach the kathode. 

Before weighing, any traces of solution adhering to the kathode 
must be removed, and the kathode dried. 


SCHEDULE C. 


Weston Normat CEuu. 


The Weston normal cell may be conveniently employed as a standard 
of electric pressure for the measurement both of 5.m.F. and of current, 
and, when set up in accordance with the following specification, may 
be taken, provisionally,’ as having, at a femperature of 20° C., an 
E.M.F. of 1:0184 volt. 


* See duties of the Scientific Committee, Schedule D. 
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The Weston normal cell is a voltaic cell which has a saturated 
aqueous solution of cadmium sulphate (CdSO,.8/3 HO) as its electro- 
lyte. 
The electrolyte must be neutral to congo red. 

The positive electrode of the cell is mercury. 

The negative electrode of the cell is cadmium amalgam consisting 
of 12°5 parts by weight of cadmium in 100 parts of amalgam. 

The depolariser, which is placed in contact with the positive elec- 
trode, is a paste made by mixing mercurous sulphate with powdered 
crystals of cadmium sulphate and a saturated aqueous solution of 
cadmium sulphate. 

_ The different methods of preparing the mercurous sulphate paste 
are described in the notes.1. One of the methods there specified must 
be carried out. 

For setting up the cell, the H form is the most suitable. The leads 
passing through the glass to the electrodes must be of platinum wire, 
which must not be allowed to come into contact with the electrolyte. 
The amalgam is placed in one limb, the mercury in the other. 

The depolariser is placed above the mercury and a layer of cadmium 
sulphate crystals is introduced into each limb. The entire cell is filled 
with a saturated solution of cadmium sulphate and then hermetically 
sealed. 

The following formula is recommended for the u.m.¥F. of the cell 
in terms of the temperature between the limits O° C. and 40° C. :— 


E,=E,)—0-0000406(¢—20°)—0-00000095(t—20°)?-+ 0:00000001(¢—20°)’. 


SCHEDULE D. 


1. The Conference recommends that the various Governments 
interested establish a permanent International Commission for Elec- 
trical Standards. 

_ 2. Pending the appointment of the Permanent International Commis- 
sion, the Conference recommends? that the President, Lord Rayleigh, 
nominate for appointment by the Conference a Scientific Committee 
of fifteen to advise as to the organisation of the Permanent Commis- 
sion, to formulate a plan for and to direct such work as may be neces- 
Sary in connection with the maintenance of standards, fixing of 
values *, inter-comparison of standards, and to complete the work 


: Notes on methods pursued at various standardising laboratories will be issued 
ee etic Committee or the Permanent Commission, as an Appendix to this 

port. 

2 In accordance with the above, Lord Rayleigh has nominated the following 
Committee, which has been approved by the Conference, viz. :— 


Dr. Osuke Asano. Dr. H. Haga. Dr. E. B. Rosa. 
M. R. Benoit. D. L. Kusminsky. Dr. S. W. Stratton. 
Dr. N. Egoroff. Prof. St. Lindeck. Mr. A. P. Trotter. 
Prof. Eric Gérard. Prof. G. Lippmann. Prof. E. Warburg. 
Dr. R. T. Glazebrook. Prof. A. Roiti. Prof. Fr. Weber. 


* This will include the reconsideration from time to time of the E.M.F. of the 
Weston normal cell. 
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of the Conference.t Vacancies on the Committee to be filled by co- 
optation. 

3. That laboratories equipped with facilities for precise electrical 
measurements and investigations should be asked to co-operate with 
this Committee and to carry out, if possible, such work as it may desire. 

4. The Committee should take the proper steps forthwith for 
establishing the Permanent Commission, and are empowered to arrange 
for the meeting of the next Conference on Electrical Units and Stan- 
dards, and the time and place of such meeting should this action appear 
to them to be desirable. 

5. The Committee or the Permanent International Commission shall 
consider the question of enlarging the functions of the International 
Commission on Weights and Measures, with a view to determining if 
it is possible or desirable to combine future Conferences on Electrical 
Units and Standards with the International Commission on Weights 
and Measures, in place of holding in the future Conferences on Elec- 
trical Units and Standards. At the same time it is the opinion of the 
Conference that the Permanent Commission should be retained as a 
distinct body, which should meet at different places in succession. 


Seismological Investigations.—Fourteenth Report of the Com- 
mittee, consisting of Professor H. H. Turner (Chairman), 
Dr. J. Minne (Secretary), Mr. C. VERNON Boys, Sir GEORGE 
Darwin, Mr. Horace Darwin, Major L. Darwin, Dr. R. T. 
GLAZEBROOK, Mr. M. H. Gray, Professor J. W. Jupp, 
Professor C. G. Knorr, Professor R. Mrenpona, Mr. R. D. 
OLDHAM, Professor J. Perry, Mr. W. E. PrumMer, Professor 
J. H. Poyntine, Mr. CuemMent Rep, and Mr. NELson 
RicHarpson. (Drawn up by the Secretary.) 
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I. General Notes. 
Last year, early in November, my assistant, Mr. H. C. O’Neill, left 
me for an appointment in London. The last work on which he was 


! With this object the Committee are authorised to issue as an Appendix to 
the Report of the Conference, Notes detailing the methods which have been adopted 
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engaged when in the Isle of Wight was a catalogue of the Shide collec- 
tion of papers bearing upon seismology written in foreign languages. 
Although he continued this compilation while in London, I regret to 
say that the completion of the same has for the time being been inter- 
fered with by ordinary routine work. As illustrative of this latter I may 
take the map which accompanies each report and shows the distribution 
of earthquake centres for the previous twelve months. Inasmuch as the 
production of this sheet involves the consideration and usually a cal- 
culation based upon each of the entries of all co-operating stations, it 
will be understood that much time is spent in the production of what 
is shown as a single plate. Correspondence with stations and those 
interested in our work occasionally occupies a morning. Hach day films 
and other record-receiving surfaces have to be renewed. Films have to 
be developed, measured, and records reduced to a form suitable for publi- 
cation. The registers from all co-operating stations have to be recopied 
and classified. Accurate time has to be kept, and attention has to be 
given to the ordinary meteorological instruments found in most observa- 
tories. Between the hours of 8 a.m. and 10 p.m. we are usually able to 
give information bearing upon our work. My assistants work in the 
morning and again in the evening, and, when occasion requires, also in the 
afternoon. The amount of original work done in the laboratory is out- 
lined in the Reports. 

Registers.—During the past year the registers issued are contained 
in Circulars Nos. 18 and 19. These refer to Shide, Kew, Bidston, Edin- 
burgh, Paisley, Haslemere, San Fernando (Spain), Valetta (Malta), 
Cairo, Beirit, Ponta Delgada, Cape of Good Hope, Calcutta, Bombay, 
Kodikaénal, Irkutsk, Batavia, Trinidad, Lima, Baltimore, Toronto, 
Victoria, B.C., Honolulu, Perth, Sydney, Christchurch, and Mauritius. 

High-speed (24 cm. per hour) record-receiving apparatus has been 
sent to Edinburgh and to Lima. Similar apparatus will be sent to San 
Fernando (Spain). It is expected that the Naturalists’ Society of Cardiff 
will shortly put up a seismograph. 

For a continuation of financial support I again thank the 
Royal Society, the British Association, the administrators of the Gray 
Pund, and Mr. Richard Cooke. I regret to say the support I received 
from the ‘ Daily Mail’ has ceased. The chief expenditure relates to 
Salaries and material. With the latter there is included the cost of 
photographic films required at Bidston. 

The Committee ask for reappointment and a grant of 601. 


IL. Sites of Stations. 


Eskdalemuir Magnetic Observatory, Dumfriesshire, Scotland. 


Main Building, Latitude . : : - 55° 18’ 42:2” N. 
3 Longitude : : ; 3° 12’ 19-7” W. 
7 Height . - 775°29 feet. 


Level of Davington Burn about 700 feet. 


Geological formation consists of rocks of the Tarannon Llandovery 
Series transversed by igneous dykes. 


in the Standardising Laboratories of the various countries to realise the Inter- 
national Ohm and fhe International Ampere, and to set up the Weston normal cell. 


. E 
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The seismograph room is situated on the ground floor of the main 
office building. The principal pier is built of solid cubes of sandstone, 
and passes directly to the rock at a depth of 21 feet. The pier 
is enclosed in a brick well to isolate it from local surface movements. 
The Milne twin-boom instrument is mounted on this pier, so as to 
give N.S. and E.W. components. The period of the booms is about 
18 seconds, and at this period the scale is 1 mm. =0°’391. 

A spare pier is also situated in the room, and will be used for 
research work on the behaviour of other forms of seismographs. 

Toronto, Canada.—When the magnetometers, on account of inter- 
ference with electric trains, were moved from Toronto to Agincourt 
the seismograph was moved also. The underlying rocks at Agincourt 
are the same as those at Toronto, about nine miles distant. These are 
Hudson River shales, covered with a thick deposit of alluvium. These 
latter drift deposits no doubt differ to a certain degree, but there are 
no sections at Agincourt which can be compared with those at Toronto. 
It may be mentioned that when the magnetometers were in Toronto 
they did not appear to have been disturbed at the time of large earth- 
quakes. Now that these instruments are removed to Agincourt from 
time to time they show irregularities which may be due to teleseismic 
movement (see ‘ B. A. Reports,’ 1898, p. 237; 1899, p. 170). 

Porto Rico, W. Indies.—The instrument at this station is of the 
Bosch-Omori type and forms part of the equipment of the United States 
Coast and Geodetic Survey. It is established at the Magnetic Observa- 
tory situated on Vieques Island, east of the island of Porto Rico. It 
is mounted in the north-east. corner room on the ground floor of the 
old Spanish fort ‘ Isabel.’ The floor of the room consists of 3 inches 
of cement underlaid with 3 inches of hard clay, which in turn is under- 
laid by stone. The piers, four in number, on which the seismograph 
parts are mounted are each 20 inches square by 324 inches deep. Each 
consists of three pieces of dressed stone. These are laid in cement and 
extend 30 inches below floor-level; the space round each pier is filled 
with cement within 4 inches of the floor. The instrument consists of 
two pendulums recording north-south and east-west motion. It is 
possible to obtain the time of any effect within one or two seconds. 
The paper moves 15 mm. to the minute. The period of north-south 
pendulum is 26°36 seconds; east-west pendulum 24°7 seconds. The 
multiplication of the tracing points is 10. 

Stonyhurst, near Blackburn, North Lancashire, England.—The lati- 
tude of the observatory is 538° 50/ 40” N; longitude, 0° 52’ 68” W of 
Greenwich. The seismograph is the one which was used for two years 
in the Antarctic regions by the officers of the s.s. Discovery. The 
standard and other parts of the instrument are made of gunmetal and 
non-magnetic materials. At Stonyhurst it is installed in the under- 
ground magnetic chamber, which is dry and does not suffer from varia- 
tions of temperature. It is placed on a pillar composed of two cut 
stones firmly cemented together. On the top of these there is a slate 
slab also cemented to the uppermost stone. The pillar is embedded in 
and rests upon 12 inches of concrete below the stone floor of the 
chamber. The concrete rests on hard clayey soil. The height of the 


top of the slab from the floor is 34 feet, and its height above sea-level 
is 364 feet. 
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British Association, 79th Report, Winnipeg.1909. 


The Large Earthquakes of 1908. 


Origins for 1908 are indicated by their BA Shide riots 
i 
Register number. Earthquake districts are indicated A, B, 0, cand the number of E: 
. ir of Earthquakes since 1899 which 


originated from theso is expressed in large numerals. 
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; Il. The Large Harthquakes of 1908. 


The distribution of origins for the large earthquakes of 1908 is very 
similar to that of 1907. The greatest activity has been at the overlap of 
districts EK and F. In the totals for districts the earthquakes for the 
BF overlap have been regarded as belonging to K and not to F. Harth- 
quake No. 1603 is included in the total for H, and Nos. 1568 and 1602 
in those for K. The correct number of District C for 1906 is 27 
and not 29 (see map and Report for 1907). 

In studying these districts it must be remembered that they merge 

_ one into the other, and cannot be regarded as so many strictly defined 
isolated elliptical areas. C, H, K, and F may, for example, be looked 
upon as districts of marked activity along a band which extends nearly 
round the world, while D, B, A, E represent areas of marked intensity 
on a band which fringes a great part of the Pacific Ocean. 
The total number of earthquakes which have occurred in 1908 on 
the east side of the Pacific is slightly greater than those which occurred 
‘in 1907. A similar increase is noted for the west side of the same ocean. 
A table published in the ‘-B. A. Reports,’ 1908, p. 63, shows that 
for the years 1899 to 1907 inclusive the greatest megaseismic activity 
has prevailed in the East Indian Archipelago, and the least on the West 
Coast of South America. If, instead of comparing the activity in the 
large districts which are indicated on the accompanying map (Plate I.) 
_ by the letters A, B, OC, &c., we compare the number of large earth- 
~ quakes which have originated during the last ten years within areas 
_ each about five degrees radius, the results arrived at are as follow :— 
Centre 120° E. 5° N. gave 75 large earthquakes. 
» 140° ER. 40°N. ,, 68 ,, As 
4 70° HE. 25° N. ,, 40 ,, ” 
» =145° W.45°N. ,, 33> ,, 5 


These figures indicate that at the present time the most pronounced 
centres of seismic activity are to be found in the centre of the Kast Indian 
chipelago and from the Kast Coast of Central Japan south-westwards 
wards Formosa. ‘The first of these is near to the junction of two 
_ pronounced lines of folding in the earth’s crust, 


__ In the Report for 1908, p. 64, reference is made to 148 after-shocks 
vhich in 1907 were recorded between January 14 and July 5, in Jamaica; 
inety-two of these appear to have been recorded in the Isle of Wight. 
he time taken for earth waves to travel from Jamaica to the Isle of 
ht, a distance of 67 degrees, would be about forty-three minutes, and 
at this interval of time subsequent to shocks in Jamaica that we find 
hickenings and sinuosities in seismograms obtained in Britain. A 
number of these records are also to be found on seismo- 
hic traces obtained at Bidston, Kew, Paisley, and Edinburgh. This 

rrence of records from different stations and the particular 
imes ai which they occur in reference to the times of origin 
f shocks in Jamaica lead us to the conclusion that com- 
tively small shocks may with suitable instruments be recorded 
at localities several thousands of miles distant from their origin. The 


q wy 


a £2 


52 REPORTS ON THE STATE OF SCIENCE. 


particular group of records to which we refer are given-in the accom- 
panying table. The entry of July 5 may have been recorded at Gottingen, 
but with this exception the remaining disturbances do not appear in 
registers from Gottingen, Strassburg, or Laibach. The difference in 
the number of records obtained at different stations where the instruments 
are of one type, viz., that adopted by the British Association, partly 
finds an explanation in differences in foundation, see p. 60. The 
reasons that stations provided with apparatus of the Reuber-Ehlert type 
do not appear to pick up very small movements is possibly due to a 
want of definition in the photographic trace; but here again the question 
of foundation cannot be overlooked. Directly we come to apparatus 
where the record is obtained upon a smoked surface, which is the case 
at many European and American stations, a new factor has to be con- 
sidered. The slight freedom in the connections between the joints of 
multiplying indices, and the elasticity of the same, suggests a loss of 
motion, the result being that the writing pointers do not move until a 
certain amplitude of earth movement has been reached. Whether this 
explanation be correct or not, my own experience is that instruments 
writing on a smoked surface, although they may yield excellent seismo- 
grams of a large earthquake, are very unsatisfactory as recorders of very 
slight disturbances. Records of large earthquakes may be obtained by 
many types of instruments, but directly we wish to record feeble move- 
ments at considerable distances from their origin, the best results appear 
to come from the instrument adopted by the British Association with the 
photographic surface moving at the rate of about 240 mm. per hour. As 
illustrative of this we find that the number of records obtained at Shide, 
Hamburg, Gottingen, and Laibach between January 1 and April 30 of 
this year were respectively 98, 65, 61, and 33. At the first of these 
stations the instrument employed is of the B.A. type, whilst at the three 
latter stations records are obtained on smoked paper or by photographic 
arrangements with a high multiplication. All the records referred to 
were noted at more than one station, and therefore their reality as repre- 
senting widespread-earth disturbances cannot be doubted. The number 
of records obtained at Bidston, Kew, and Edinburgh, where the photo- 
receiving surface only moves at the rate of 60 mm. per minute, were not 
so numerous as those obtained at Shide. 


After-shocks of the Jamaica Earthquake apparently recorded in Great Britain. 


| Date ah land Shide Kew Bidston Paisley | Edinburgh 
1907 | | : 

| Jan.15.. 0.55 — — _ —_ 0.48? 
‘5 : 1.53 1.52 a 1.52 — — 
i 2.52 2.53 —_ 2.52 2.52 | 2.48 
*) 3.50 3.51 _ 3.51 esol 
nS 5.5 5.4 ~ 4.587? _— ~ 
” 7.30 7.40 — 7.27 7.25 7.25 
” 8.50 8.50 8.44 8.52 8.50 — 

8 9.20 9.19 9.29 9.19 — 9.21 
5 11.50 11.45 — 11.43 11.45 — 
” 15.50 15.45 —- | = 15.45 — 
” 17.15 17.14 _ 17.14 17.15 _ 
” 17.48 18.12 17.48 18.16 18.12 o- 
” -| 21,52 — _ — = — 
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After-shocks of the Jamaica Harthquake— continued. 


Due in 


| England 


22.31 
5.19 
8.45 

17.24 

22.24 
2.50 
6.5 

13.40 

17.20 

22.47 
3.25 
7.20 

11.50 

12.24 

14.20 

17.20 

18.20 

19.50 


Shide 


Kew 


Bidston 
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After-shocks of the Jamaica Earthquake—continued. 
A { | 

Date netee Shide Kew Bidston Paisley | Edinburgh | 

1907 
Jan. 30 3.30 3.38 — — ee = 

a 4.10 _— — 2 — — 

Ry 13.11 13.11 —- _ 13.10 — 

= 14.10 14,11 _- 14.9 14.10 14.134] 
Feb. 1 1.50 — a —_ _ —_— 
Feb. 2 5.50 — — ? —_ —_— 
Feb. 3 5.45 5.44 _ — — -- 

p 5.55 6.7 — — — — 

3 8.2 8.0 — — —_ _— 
Feb. 4 9.50 9.45 — — 9.45 — 

ay 11.50 — — 2 —_— — 

7 12.50 12.55 12.44 _ 12.53 12.52 
Feb. 5 7.20 Al 7.25 - 7.10 — 

'- 11.5 ah Fas — — 11.14 11.5 
Feb. 6 4.49 4.48 — 4.48 4.48 _ 

ch 8.45 8 to 9 8.0 —- 8 to 9 — | 

iz 21.15 21.17 = ? = ke) 
Feb. 7 4.50 4.52 — 4.54 — — | 
Feb. 10 6.10 6.10 _— 6.15 6.10 6.10 | 

19.50 19.48 19.45 19.56 19.47 19.49 
Feb. 11 6.20 a — ? _— _— 

is 23.20 23.22 23.24 23.20? 23.21 23:23 
Feb, 18 3.40 3.41 — — _— 

Feb. 19 5.45 5.44 -- _ — — 
Feb. 22 14.33 — —_ 14,22 —_ — 
Feb. 23 0.5 0.5 ~ 0.8 0.5 0.5 
Feb. 26 23.30 — — a -— — 
Feb. 27 2.35 — — 2.30 — — 
Feb, 28 5.30 — — 5.25 — — 

- 13.30 13.35 = — 13.31 a 
Mar. 1 10.5 10.7 — 10.7 10.6 — 

5; 11.45 = ale 11.40 ae os 
Mar. 2 6.35 — — — _ — 

a 5.35 — — —- — a 
Mar. 6 3.45 3.42 —_— 3.43 — -— 
Mar. 7 12.2 12.3 — 2 — — 

iy 13.50 13.58 = —_ —_— — 
Mar. 8 10.5 10.4 10.9 = = = 
Mar. 9 11.35 11.30 11.23 — 11.29 — | 
Mar. 11 7.40 7.42 — — 7.43 — 
Mar. 15 4.50 4.53 — — 4.53 — 
Mar. 17 12.20 12.15 12.16 — 12.17 —_— 
Mar. 18 1.35 1.20 — 1.35 TLS: 1.30 
Mar. 19 12.0 12.7 12.4 _— — = 
Mar. 21 5.49 — — — — — 
Mar. 23 0.32 —_ — —_— — — 

a5 19.27 19.20 — —_ — 
Mar. 24 4.25 — _ — — — 
Mar. 25 6.0 — — — — — 
Mar. 27 14.45 14.40 14.41 —_— 14.40 -- 
Mar. 28 14.20 14.25 14.25 -- 14.25 — 
Mar. 31 13.0 —_— 13.4 _ _— 
April 2 10.50 — a 2 = aa 
April 9 8.35 — — 8.30 — — 
April 10 3.20 _— | = —_ —— _— 
April 11 12.4 12.4 —- 12.1 _ _— 
April 13 4.50 --- — — _— a 

” 12.58 12.58 — 12.50 — = 
April 16 12.50 12.52 12.49 _— 12.55 — 
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After-shocks of the Jamaica Earthquake—continued. 


| Date nelond Shide Kew Bidston Paisley | Edinburgh 

1907 
April 25 . 1.15 _ _ 0.35 — 

59 : 9.50 — | — 2 
April 28 . 2.53 — — _ — _ 

“5 : 23.0 — _— 2 — _- 
April 29. 1.30 _ _— q | = = 
May 1 .| 21.35 21.25 — — | 21.31 21.30 
May 2 .| 2.20 2.20 — 2.22 2.21 — 
May 3 allie ly 6 17.2 16.54 _ 17.3 — 
May 4 : 2.42 2.43 _ _ — — 
May ll. 1.30 _— — 1.25 — _— 
Junel3_. | 7.8 71 7.8 — = — 
Junel4 . 7.20 7.24 — _— — — 
Junel6 . 16.15 16.56 16.57 16.55 — — 
Junel8 . 13.20 13.30 — _— — 
June 29. 20.4 —_ — _— — — 
July 1 : 11.0 11.1 — — — — 
July 5 < 20.0 20.3 — 20.0? — — 
Total. , 148 92 22 58 39 18 


‘The movements recorded at Kew are referred to as being very small and ill- 
defined, and in the ordinary way would have been passed over as being due either 
to air tremors or some other non-seismic cause. 

The records from Bidston are spoken of as ‘doubtful,’ ‘ possible,’ ‘ very evident,’ 
‘very pronounced,’ and ‘ clearly marked.’ 

Paisley records were much interfered with by air tremors; it is therefore possible 
that some of the entries are non-seismic in character. 

The Edinburgh records are spoken of as ‘slight thickenings,’ ‘small notches,’ 
‘ roughness of line,’ ‘ slight tremors.’ 

In the Report for this year the Shide list has been increased by 41 entries. 
These have been added because they have been confirmed by records from other 
stations. 


V. Quick Vibrators as applied to Seismometry. 


In a paper on ‘A Neglected Principle that may be employed in 
Earthquake Measurements,’ by Professors J. Perry and W. H. Ayrton 
(see ‘ Trans. Asiatic Soc. of Japan,’ May 23, 1877), it is suggested that 
the essential feature in a seismograph should be a heavy mass so sus- 
pended by stiff springs that its own free period would be about five times 
as fast as that of an earthquake. This was to take the place of the 
steady point in modern seismographs. Inasmuch as this instrument 
was never constructed, we can only surmise about the character of the 
record it would furnish. 

In a paper on ‘ Experiments in Observational Seismology ’ (see 
‘Trans, Seis. Soc.,’ vol. iii. 1881) I make reference to pendulums the 
periods of which were a small fraction of a second. They were only 
used as tremor-indicators. 

Notes on these and on other quick vibrators are referred to in the 
chapter on ‘ Seismometry ’ in a small volume on ‘ Earthquakes ’ pub- 
lished in the ‘ International Science Series,’ 1883. All these instruments 
were intended to record earthquakes which could be felt, the periods of 
which varied between one and three or four seconds. As they merely 
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acted as seismoscopes, they quickly fell into disuse. To record unfelt 
teleseismic motion where the periods varied from about five to thirty 
seconds, I last year made the following experiment :— 

A cylinder of lead 10 inches in length and % inch in diameter, 
weighing 45 lb., Was suspended as shown in the accompanying sketch. 
From one end of the cylinder a light deal rod projected upwards. At its 


; “ely RE IR eee aS 


upper end this engaged a light aluminium lever carrying a glass style 
resting on a drum covered with smoked paper. This multiplied the 
motion of the rod, which was 8 feet 2 inches in length, 83 times. By 
this arrangement the equivalent of a rod 27 feet in length was obtained. 
The period of this pendulum with the style resting on the smoked paper 
was 0°6 second, or from eight to thirty times the period of the ground. 
During twenty-two days commencing November 26, although there 
were several earthquakes, two of which were distinctly large, no record 
was obtained. Possibly the multiplication was too small. 


VI. On a possible Synchronism between Seismic Activity in 
Different Districts. 


In the Report for 1908, p. 64, I pointed out that since 1902 
seismic activity on the two sides of the North Pacific had fluctuated 
similarly. For example, registers show that when large earthquakes had 
been numerous on the East side of the Pacific they had also been 
numerous on the West side. To extend this inquiry, | have drawn up 
the following table giving the number of destructive earthquakes which 
have occurred between 4.p. 1000 and a.p. 1650. They are grouped in 
periods of fifty years. Columns A, B, C, and D respectively refer to 
Japanese, Chinese, European, and Italian records. The letter ‘ a ’ indi- 


Set tae 
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cates that in two given districts seismic activity has been constant or 
has varied similarly, z.e., there has been an agreement. The letter ‘d’ 
indicates that there has been disagreement. For example, seismic 
activity may have increased in one district while it has decreased in 
another. As to whether an entry should be ‘a’ or ‘d,’ no account has 
been taken of the greatness of increase or decrease in the number of 
earthquakes in the given period, but only whether it was a marked 
increase, decrease, or a period of quiescence. The columns in which 
the letters ‘a’ and‘ d’ occur are headed A to B, Ato ©, &c. If written 
more fully these would become A compared with B, A compared with 
GC, &c. 

Inasmuch as the Italian records are included in and form a large por- 
tion of those which refer to Europe generally, the comparison of C to D is 
of slight value. The general result indicates that in a period of 650 years 
we have had forty-four instances of agreements against twenty-eight 
instances of disagreements in the fluctuations in seismic activity im 
widely separated districts. This suggests that for the most part periods 


| i | | wan Vo aechreclyi we il. fens | 
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1600 Dies POA lsh Oe el Oue in a ad a | @ CaN ay ea | 
1660 | 10 | 60 | 2% | 18 | a) a@|/a)aj|a|a!6o 
| | 9@ | 8a | Ga | Ta | 8a | Ga | 44a | 
| | (Bd 4d | bd Bd Ad dd 
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of seismic quiescence or of activity in various parts of the globe occur 
about the same time. This result does not, however, appear to be shown 
if we take eleven or thirty-three year periods. Of fifty-three periods of 
eleven years, A.D. 1000 to a.p. 1583, a comparison of the earthquakes 
of Europe with those of China and Japan respectively indicate that agree- 
ments and disagreements are about equally divided. A similar result is 
obtained when thirty-three year periods were taken for comparison of 
Buropean and Japanese and Chinese and Japanese earthquakes. 

Another method of determining whether there has been a time 
agreement in seismic activity in distant districts has been to plot year 
by year the large earthquakes of Japan and Italy on squared paper. The 
interval considered for each of these countries has been the last three 
hundred years. England and many other countries have been excluded 
because their records are few in number and only refer to comparatively 
feeble shocks. The two Americas have been omitted because their 
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registers are incomplete; Australia and New Zealand, because prior to 
1850 we were without knowledge; and China, because its accessible 
registers end about 1644. 

All materials prior to a.p. 1600 have been discarded on account of 
their fragmentary character, and it is often impossible to say whether 
certain entries refer to destructive earthquakes or only to comparatively 
small tremors. The only earthquakes considered are those which have 
been destructive, and these are divided into the following three classes : 
(I.) shocks which have cracked walls or damaged chimneys ; (II.) shocks 
which have destroyed a few buildings; (III.) shocks which have caused 
widespread disaster. For Italy and for Japan these three classes have 
been taken separately, in pairs, and en bloc. Which ever way we have 
plotted them one result is clear, viz., in each of these two widely 
separated districts during the last three hundred years there have been 
periods of activity and periods of comparative rest. When the zigzag lines 
which show frequency from year to year are smoothed to curves you 
obtain a series of undulations the crests of which are separated from 
each other by periods varying between five and twenty years. There is 
no indication of a recurrence of activity after regular or equal intervals of 
time. The following table gives dates for the crests of these waves. In 
comparing any two of these dates it must be remembered that either of 
them might be increased or decreased by a year. The reason for this is 
twofold. First, an earthquake or earthquakes which occurred at the 
end of a year might, for the purposes of this investigation, have been 
assigned to the year following. Similarly, those which occurred in 
January of a given year might have been referred to the previous year. 
Also, it is difficult to determine the exact position for the crest of a wave. 
An inspection of the table shows for Italy eighteen dates for wave-crests, 
and fourteen of these agree very closely with dates indicating periods of 
seismic activity in Japan. These coincidences suggest that a relief of 
seismic strain in one part of the world either brings about a relief in some 
other part, or that relief is governed by some general internal or external 
agency. 


Periods of Seismic Activity. 


Japan Italy | Differences | Japan Italy | Differences 
Year Year 

1613 1612 1 1751 1755 4 
— 1626 — 1765 1767 2 
1644 1642 2 1782 1784 2 
1663 1660 3 — 1798 — 
1697 1693 4 I 1803 1806 3 
1704 1703 1 | 1834 | 1833 1 
|. Samay 1717 o | 1856 1856 0 
| 1728 1728 0 i — 1873 —_ 
| = Slee | 1898 1896 2 


VII. The Time of Maximum Motion as indicated by Three differently 
installed Horizontal Pendulums. 


The three pendulums are the Milne type (see ‘ B.A. Report,’ 1902, 
p. 60). Pendulum A records east-west motion; it stands on a brick 
column, the cross-section of which is 18 inches by 18 inches. 
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Pendulum B also records east-west motion; it stands near to A 
on another brick column. ‘The cross-section of this is 18 inches by’ 
37 inches. 

Pendulum C records north-south motion ; it is installed on the same 
column as B. The stiffness of these two piers, as might be inferred 
from their dimensions, are very different. In an east and west direction 
the B-C column is approximately four times as stiff as A column (see 
‘B.A. Report,’ 1902, p. 60). 

For certain intervals of time, each of several months’ duration, these 
pendulums have been adjusted to have the same or different periods. 
When A and B had the same period, had they been loaded equally and 
installed on the same support we should expect that they would have 
attained a maximum swing at the same time. The following analyses 
show how far this was the case, notwithstanding the absence of this 
equality of conditions. With the object of comparing similar phases of 
motion, in all instances where time measures are concerned, reference 
has been made to the original seismograms. The earthquakes considered 
are indicated in the Shide Registers by the following numbers :— 


666, 671, 672, 674, 676, 679, 686, 690, 694, 704, 705, 794, 806, 
876, 832, 839, 859, 860, 861, 863, 872, 877, 884, 886, 900, 903, 904, 
924, 952, 975, 977, 982, 990, 994, 1001, 1020, 1021, 1031, 1038, 1045, 
1046, 1048, 1057, 1064, 1065, 1070, 1074, 1087, 1111, 1118, 1135, 
1145, 1164, 1182, 1190, 1208, 1225, 1242, 1257, 1266, 1281, 1284, 
1293, 1303, 1319, 1820, 1322, 1323, 1362, 1363, 1375, 1387, 1390, 
_ 1398, 1408, 1412, 1419, 1422, 1425, 1428, 1431, 1433, 1439, 1450, 

1460, 1463, 1468, 1471, 1475, 1495, 1496, 1515, 1522, 1526, 1532, 
1540, 1544, 1549, 1563, 1564, 1568, 1575, 1577, 1585, 1591. 


No. 1.—For thirty-seven earthquakes A and B have had the same 
periods. For twenty-five of these a maximum motion was recorded 
at the same time; for the remaining twelve earthquakes the difference 
in time for the maximum swing was two minutes or over. 

No. 2.—For twenty earthquakes A or B had the same period as C. 
For eleven of these maximum for north and south motion occurred at the 
same time as the maximum for east and west motion; for the remaining 
nine earthquakes there was a difference in time for the maximum motion 
of two or more minutes. 

No. 3.—Out of 103 earthquakes A and B have had the same period 
for thirty-seven earthquakes; for the remainder they had different 
periods. Taking these en bloc, A and B have recorded maximum swing 
at the same time in fifty-one cases; in the remaining fifty-two cases the 
times for this movement have differed by two or more minutes. 

No. 4.—Pendulum C (north-south motion) indicates a maximum 
— very frequently before a maximum motion is recorded by A 
and B. 

I do not see that the district from which an earthquake originates 
has any relationship to the pendulum which first records its apparent 
maximum motion. 


VIII. The Number of Earthquake Records obtained at British 
Stations. 
In the ‘ British Association Report,’ 1901, pp. 44-50; 1902, p. 73; 
and 1903, p. 82, references are made to the number of records obtained at 
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Bidston, Shide, Kew, and Edinburgh. These stations are respectively 
situated on sandstone, chalk, alluvium, and volcanic rock. In the follow- 
ing table we reproduce records of frequency as given in the Report for 
1902 and 1903, together with records for 1908 :— 


Year Bidston Shide Kew | Edinburgh 
1901 (11 months)... 133 107 7 rt 94 
Set a 228 168 0 re i 
| 44 
| 


1908. : : : 105 114 49 


We may add that in 1908 Paisley recorded forty-eight shocks—i.e., its 
number of records closely accorded with those obtained at Kew and. 
Edinburgh. The subsoil at Paisley is clay (‘ B.A. Report,’ 1905, p. 89). 

At all these stations similar horizontal Milne pendulums are in use, 
but the adjustment of these have from time to time only been approxi- 
mately similar. In 1908 at Shide 1 mm. displacement of the outer end of 
the boom corresponded to a tilt of 0”-44. The corresponding values 
at Kew, Bidston, and Edinburgh were 0”°56, 0°53, and 0”°53, or 
0”54. The table shows that the Shide instrument, with the greatest 
sensitiveness in 1908, gave the greatest number of records. The differ- 
ence between it and Bidston, however, is only nine. If we consider 
the latter half of 1908 only, we find that Bidston had sixty-one records 
and Shide had fifty-seven—i.e., the result is reversed. In 1901 and 
1902, when the Bidston instrument had for twelve months greater sensi- 
tiveness than the one at Shide, the number of records at the former place 
greatly exceeded that at the latter. 

The very marked difference in the number of records obtained at 
Bidston and Kew, Edinburgh and Paisley, does not seem to depend upon 
differences in sensitiveness of the instrument, inasmuch as these differ- 
ences are very slight. If we except Edinburgh and Bidston, which are 
founded on hard rock, there is a great difference between this and the 
softer materials which act as foundations for other stations. 


IX. Luminous Effects obtained from Rock Surfaces. 


In the ‘ British Association Report ’ for 1907, pp. 87-91, a long series 
of experiments are described which apparently show that from time to 
time surfaces of chalk and killas affect a photographic surface in the 
same way it is affected when exposed to light. Several control experi- 
ments are described, and the conclusion arrived at was that the markings 
on the photographic films were not due to radio-activity, but they might 
be due to a very feeble brush or glowlike electrical discharge. Since 
the publication of the above an attempt has been made to determine 
whether micro-organisms play any part in the phenomena observed. 
With the assistance of my friend, Dr. R. C. Brown, M.D., of Parkhurst, 
cultures were made from scrapings from the surface of the chalk, in 
front of which the cylinder, covered with bromide, had been placed. 
This was underground. Cultures were also made from scrapings taken 
from the chalk outside. Micro-organisms were found in both. These 
have been exposed to a moving photographic surface similar to that 
used in the pit, but they gave no evidence of luminosity. Dr. M. H. 
Gordon, M.D., suggests that before excluding a biological factor special 
media should be tried. This we hope to do. 
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X. A Catalogue of Destructive Earthquakes. 
(Still in preparation; see ‘ B.A. Report,’ 1908, p. 78.) 


During the last twelve months, as opportunity presented itself, 
additions have been made to a catalogue of destructive earthquakes com- 
menced in 1907. Very many entries have been made from ‘ I Terremoti 
d'Italia,’ by Mario Barata. The catalogues of C. W. C. Fuchs pub- 
lished in the ‘ Mineralogische und Petrographische Mitteilungen ’ have 
been an assistance in extending those of Alex. Perrey; while transla- 
tions from Tung-Hwa-Lu, by Professor E. H. Parker (see p. 62), have 
extended the catalogue of Chinese earthquakes contained in the 
‘ British Association Report,’ 1908, p. 82. With these additions the 
compilation is at present represented by about 250 typed folios. 

One result towards which its analysis points relates to the syn- 
chronism of seismic activity (see p. 56). 

With the expectation of finding much material which might be used 
in this catalogue, I wrote to Comte F. de Montessus de Ballore, at the 
present time in Chile, asking whether it would be permissible to use his 
compilation of earthquake registers now stored at the Société de 
Géographie, 184 Boulevard Saint-Germain, Paris. He most willingly 
put this at my disposition. The catalogue is composed of about six 
hundred parts, which are in MSS. and in the language of the country to 
which they refer. They occupy a length of 26 metres of bookshelves, 
and for the convenience of those who wish to make researches a cata- 
logue is provided. I understand from Comte Montessus that a number of 
destructive earthquakes which are recorded are but little known and 
difficult of access. Dr. F. Du Bois, who takes a practical interest in 
seismology, suggests that when using the Montessus catalogue it may 
often be necessary for the particular purpose in view to seek for details 
in the original works on which it is founded. The following are a few 
examples of the entries :— 

1597, July 23, Perth and other parts of Scotland, Thompson’s 
* Annals of Philosophy,’ vol. viii. p. 365; Mallet, 1852, p. 66. 

1845, August 7, 14h. 15m., A. Comrie (Ecosse), 1 secousse violente ; 
MacFarlane ; Perrey Cat. 1845-46, p. 407, 18h. 15m., &c. 

1880, November 28, 17h. 30m., Scotland Proc. Roy. Soc. Edinb. 
XI., pp. 176-187, followed by observations . . . at different places. 
Remarks extend over twelve pages of MS. 


XI. Developing, Fixing, and Copying a Film. 


The developer is made up as follows :— 
Metol-hydroquinone Developer. 


Metol : 30 grains or 7:0 grammes. 
Hydroquinone : ‘ GOW van oe ‘0 =" 
Sodium Sulphite (cryst.) 1Oze o.55100°0 % 
Sodium Carbonate (cryst.) ie » 1000 iy 
Water ~. . A 3 20.35 », 2000 c.c. 


For use, dilute with an equal volume of water. 
__ The bromide paper after removal from the drum is rolled up film 
side inwards. A small quantity of dilute developer is put into a half- 
plate dish, then commence to unroll the film in the dish and at the same 
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time roll up the portion that has passed through the developer. Repeat 
this rolling and unrolling until development is complete. It is then trans- 
ferred to a solution of hyposulphite of soda (1 hypo to 4 water) for 
about ten to fifteen minutes. The record is then washed, &c. 

Any particular portion of a film may be reproduced by photographic 
printing. For the latter process place the film with its back on a piece of 
glass or the glass face of a printing frame. A piece of bromide paper is 
placed with its sensitive surface in contact with the film, and over this a 
strip of wood or the back of the printing frame, when the whole four are 
clamped together with spring clips. 

This is held up to the light of an oil lamp or an ordinary gas-burner 
at a distance of 18 inches for about 10 seconds. Next it is developed in 
a little fresh but dilute developer. If the developer appears too strong, 
add water and a few drops of a 10-per-cent. solution of bromide of potas- 
sium. ‘Too long exposure causes the parts which should be white to 
become grey. A weak acid bath (citric acid 1 part in 40 of water) tends 
to remove stains. In warm climates a saturated alum bath may be used. 
If blisters appear, weaken the hypo-bath. 


XII. Catalogue of Chinese Earthquakes, a.p. 1638-1891. 
By Professor EH. H. Parker. 


The facts contained in the following Register are extracted, and in 
most cases are word for word translations, from the * Tung-Hwa- 
Lu,’ a well-known work which gives textually an account of most of 
the important disasters, prodigies, decrees, and memorials, &c., as news 
arrives day by day at the Peking Court of the reigning Manchu Dynasty. 
The list may be regarded as a continuation of the catalogue published 
in the Reports of the British Association for 1908. Neither of these lists 
is to be looked upon as complete, but if it were possible to refer to the 
local records of the various provincial cities each list might be consider- 
ably extended. The rendering of Chinese names follows pretty closely the 
system of Sir Thomas Wade, but without such extreme localisms (e.g. , hsi, 
hii, chi, chii, instead of si, hi, tsi, tsii, kt, kii) as would render these 
groups of initials, whether used alone or followed by a nasal final, un- 
intelligible to persons only conversant with more southerly dialects. 

Mr. Parker supplies only Chinese dates, but these have been replaced 
by English dates, and, it is hoped, correctly. 


Catalogue. 

1639 Jan. 4. ‘Harthquake’ (evidently in the Mukden region). 

1643 Mar. 24. ‘Earthquake from N.W. corner to §.E. with sound’ (evidently 
S. Manchuria_N. Corea region). 

1643 Nov.12. ‘Earthquake between 9 and 11 A.M. from N.W. to S. with sound’ 
(evidently in S. Manchuria region). 

1644 April14. ‘Earthquake at Mukden.’ 

1644 April16. ‘Again quaked’ (i.e., two days later; evidently Mukden). 

1649 Nov.10. ‘Earthquake at the Metropolis’ (evidently Peking, probably end 
of December). 

1652-3 Ditto (probably end of January or beginning of February, 
1653, the ninth year of the reign covering the greater part of 
1652). 

1653-4 ‘Relief,! ‘When his Majesty returned to the Palace: this night there was 
an earthquake with sound’ (probably January 1654. I cannot 
think why ‘ relief’ or ‘alms’ should precede statement). . 


1696 


1696 


1696 


1696 
1697 


June 6. 
July 21. 


between 
Sept. 10 
and 15, 
June 9, 


June 22. 
Aug. 1. 
Mar. 2. 
dune 11. 


April 16. 


June 11. 


Sept. 27. 


Oct. 18. 
Aug. 11 
or 22. 


Oct. 11. 


Oct. 10. 
Oct. 17. 
Oct. 3. 


June 12. 


Jan, 21. 


Feb. 3. 

Oct, 23. 
Dec. 10. 
Dec, 29. 
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‘ Earthquake at the Metropolis’ (i,¢., Peking). 

‘There were earthquakes at the Fu (cities) of Si-an, Yen-an, 
Ping-liang, K’ing-yang, and Han-chung in Shen Si’ (province ; 
possibly this means ‘we heard this day at Peking about it ’). 

‘ Earthquake with sound, at the hien (cities) of Kwan-ch’eng, 
Fan, Ch’ao-ch’eng, Yang-kuh, and at the chou (city of) P'uh in 
Shan Tung (province of).’ 

‘Exemption of the fixed taxes granted to the five Shen Si, fu of 
Yen-an, &c. (see above) on account of damage done by the earth- 

uake,’ 

natn. with sound at Ling-k’iu hien in Shan Si’ (province). 

‘ Earthquake with sound at Kii-chou in Shan Tung (province), 

‘ Earthquake at Yiin-chén in Shan Si (province), with sound.’ 

‘ Big earthquake at the two chou of Wei and Mao belonging to the 
fu of Pao-ning in Sz-ch’wan (province),’ 

‘Noon (i.¢., 11-1), earthquake with noise at the Metropolis.’ 

‘Earthquake at the Metropolis.’ 

‘ Earthquake at the Metropolis with noise.’ 

Ditto. 

‘ Earthquake at the Metropolis; commands to the Ministers, &c., 
to examine their consciences, as also the provincial high 
authorities, &c., stating what they may consider to be defects, 
or the reverse, in Government.’ 

‘His Majesty, on account of the earthquake, goes at the head of 
his princes and ministers to pray at the Altar of Heaven’ (out- 
side gates, where British troops encamped, 1900). 

‘ Harthquake at the Metropolis.’ 

Ditto. 

‘ Earthquakes at places in Hoh-k’ing and Kien-ch’uan in Yiin Nan. 
His Majesty orders quick relief in rice and money to be sent.’ 
‘Kalends. The President, Ma Ta’i, charged with the duty of 
conveying relief to P’ing-yang, &c., in Shan Si, asks instractions. 
His Majesty orders: “You may command Governor Galdu in 
view of the fact that houses have been destroyed by an earth- 
quake, and people crushed to death, that he ought personally to 
have repaired to the places concerned and established a compound 
for residences in succour of the people who are victims to the 
disaster, awaiting my further orders. Instead of that he takes 
upon himself to go back to his capital—an exceedingly improper 
proceeding. Apart from what Galdu says in his own report, 
you must make careful inquiry and compare notes yourself, 
distributing our gracious relief. The land tax for this year 
will not be collected there at present. When you get there, 
at once issue a proclamation explaining to the people how 
deeply bis Majesty the Emperor feels for them, and stating 
that he has specially sent a high officer to relieve them ; also 
that they must not foolishly think of migrating and thus 
losing their homes. Further, as evil-disposed persons and the 
Brigadier’s troops may take advantage of the earthquake to 
rob and harass the people under this or that pretext, you must 
order the Brigadier-General, Chou Fu-hing, to proceed in 
person with the Government troops under his command to take 
good precautionary measures in the whole region concerned. 
As to the victims of the disaster in Hung-tung hien under 
Ping-yang fu, you must go thither in person in company with 
the Governor Galdu, and administer relief, seeing that all 

share in bond-fide kindness.”’ 

‘In view of the (last mentioned) Shan Si Ping-yang fu earth- 
quake, the following manifesto to the Empire is given out :— 
(A. long philosophical discussion on ‘ destiny,’ &c.,.and relief 

from land tax, &c.) 
‘Slight earthquake at the Metropolis.’ 
Ditto. 
Ditto. 
Ditto. 
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1700 
1702 
1705 
1706 
1713 


1718 


1718 


1720 


1730 


1730 
1730 


1738 


1739 


1744 
1746 
1755 


1764 
1765 
1765 
1765 
1785 


1786 


Mar. 12. 
Dec. 7. 
Oct. 19. 
March 24. 
Aug. 13. 


July 31. 
Sept. 22. 


July 25. 
Jan, 14, 
Oct. 12. 


Oct. 23. 
Nov. 15. 


Dec. 13. 


April 13. 


July 30. 
April 17. 


Jan. 1? 
April 42 
June 7. 
Aug. 6. 
May 30. 


Aug. 7? 
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‘ Harthquake at the capital of Kwei Chow (province). 
‘Slight earthquake at the Metropolis.’ 

Ditto. 

Ditto. 

‘Earthquakes at Mao chow and at the P’ing-fan Camp in 
Sz-Ch’wan. Relief distributed.’ 

‘ Earthquakes at places belonging to the fu (cities) of P’ing-liang 
and Kung-ch’ang in Shen Si. Two high officers (named) sent 
to distribute relief.’ 

‘Emperor alludes to (?same) earthquake in Chwang-liang and 
other places, and lets off the land taxes, &c., for next year in 
Shen $i and Kan Suh provinces.’ 

‘Emperor says that having heard of the earthquakes at Pao-an 
(fu in Chih Li) Hwai-lai (N.W. of Peking), &c., he now sends 
high officer (named) to these parts to examine with a view to 
relief.’ 

‘ Alludes in decree to last year’s earthquake in Shen Si province, 
and damage to people ; agso to this year’s earthquake at 
Sha-ch’éng (N. of Peking, where commissioners sent as above), 
and even slight earthquakes at Peking.’ 

‘On account of the earthquake, the soldiers of the eight banner 
corps were given 30,000 ounces of silver each banner for house 
repairs, and each banner detachment in the Yiian-ming-yiian 
(park N.W. of Peking) 1,000 ounces.’ 

‘ Half a year’s extra official salary given to various other officials’ 
(on the same ground as the above). 

(‘Long heart-searching decree. Theory of Heaven’s warning, &c. 
Emperor did not feel it because he happened to be in a boat. 
Evidently protected by Heaven. ‘I'he earth is still ill at ease. 
“My late Father” used to say small shocks always followed a 
big shock. In 1679(18th K H.) theshocks lasted over a month, 
and history says that in 1465-1487 the shocks lasted 23 days. 
We must all try to be good, I showing example.’) 

(Possibly Jan. 1739.) The Tartar General of Ning-hia (in Kan 
Suh) reports an earthquake, and that water rushes in the New 
Cut (a well-known ancient irrigation canal); the hien city of 
Pao-féng has sunk away. Two hundred thousand taels given in 
relief from the Lan-chou (provincial capital) treasury, and a 
high officer despatched from Peking to superintend relief 
operations. 

‘ The above-mentioned high officer reports that the New Cut and 
Pao-féng belonging to Ning-hia (fw) have become a vast icy 
marsh, and that it is not possible to build thereon in the old 
style. He suggests that the two hien (cities) be abolished 
(.*, at that time there was also a “ New Cut hien”), and that liberal 
relief be administered. Approved.’ (Pao-féng also no longer 
exists there.) 

(Seems to have been an earthquake, but my notes are defec- 
tive.—H. H. P.). 

‘Slight earthquake at the Metropolis. Orders issued for cor- 
rective advice.’ 

‘Orders given that extra liberal relief be administered to the 
families crushed during the earthquake last year in the two 
districts of Yih-mén (hien) and another chow (not mentioned 
by name) in Yiin Nan (province).’ 

‘Earthquake in the five chow and hien districts of Kiang- 
ch’wan, &c.’ (presumably Yiin Nan). 

‘ Earthquake at Tih-tao chow in Kan Suh.’ 

‘Slight earthquake at the Metropolis.’ 

‘Earthquakes (? when) at the twelve chow and hien districts of 
Lung-si, &c., in Kan Suh,’ 

‘Earthquake at the Hwei-hwei township and the Peh-yang Ho 
(River [? or township]) belonging to Suh chow and Yiih-mén hien.’ 

‘Earthquake at Ili’ (near Kuldja). 


on te 
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1815 


1820 
1823! 


1831! 


1839! 


1842 


1849 


1850? 


1850 


1852 ° 


18725 
18915 


Noy. 11. 


Sept. 
Feb. 


May. 


June. 


Aug. 


(probably). 
Mar. 28. 


Oct, 16. 


Nov. 28. 


Aug. 17. 


Nov. 13. 


Dec. 2. 


June 8. 
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‘Earthquakes at places belonging to Shen chow and other places 
in Ho Nan (province). Fang Shou-ch’ou (? the Governor) 
ordered to show his sympathy.’ 

‘During this month relief was administered ve the earthquake 
damage done in Hii chow of Ho Nan (province).’ 

‘During this month relief to (&c., &c., and) ve the earthquake in 
seventeen chou and hien districts, Tsing-ning, &c., of Kan Suh 
(province).’ 

‘During this month grace granted to the land-tax payments due 
from three chou and hien districts of Ts’z chou, &c., in Chih Li, 
and the hien of Ngan-yang and Lin-chang in Ho Nan ve damage 
done by earthquakes.’ 

‘During this month relief on account of earthquake damage to 
the two chow and hien districts of Lang-k’iung and Téng-ch’wan 
in Yin Nan, besides grace 7¢ payment of this year’s taxes.’ 

‘During this month relief to (&c., &c., and) Barkul on the High 
Road West, on account of earthquake damage.’ 

‘Liu Yiin-k’o (? Governor of Fuh Kien or ? taotai of Formosa) 
ordered to institute inquiry and administer relief re the damage 
done by flooding (? tidal wave) and earthquake in the various 
ting and hien (sub-prefectures and districts) in the Northern 
parts of Formosa.’ 

Long decree re great earthquake on the 17th day of the 8th month 
within the walls of Si-ch’ang hien city in Sz-Ch’wan province. 
Public buildings, prisons, &c., all down. Many people crushed 
to death, including two Mandarins. Viceroy ordered to 
despatch a virtuous man to make inquiry and give relief. 
(Fund indicated.) 

Decree. Sii Tséh-ch’én (the Viceroy) reports all public buildings 
down, and over 20,600 persons of both sexes crushed to death. 
‘Tt is all my fault as Lord of the World. Let the Viceroy make 
strict inquiry, &c., &c.’ 

Long decree re great earthquake on the 8th day of the 4th moon 
in the city of Chung-wei hien of Kan Suh. There were con- 
tinuous successive shocks up to the 23rd day. The Viceroy 
reports over 20,000 dwellings destroyed, and over 300 killed of 
both sexes, besides over 400 injured. Most of the public 
buildings down, and much of the people’s food, clothing, 
domestic animals, &c., crushed out of sight, so that there is 
great destitution. Orders for inquiry, relief, &c., &c. 

Decree re Chung-wei earthquake. Emperor feels it. Viceroy’s 
report received. ‘Let him act in accordance with my 
sympathetic feelings, &c.’ 

Relief (? sent) to the injured and distressed people who have 
suffered from the earthquake at Kai-chou and New-chwang in 
Féng-t’ien (S. Manchuria). 

Decree. ‘Then, again, Wu T’ang (Viceroy of Sz Ch’wan) repre- 
sents that there has been an earthquake at Bathang, and that 
he is taking relief measures, &c. During the earthquake 
which took place this year during the 3rd moon, at and around 
Bathang, the flames shot forth, and numbers of the people’s 
dwellings were crushed and destroyed. That the place in 
question should have suffered this disaster, indeed gives him 
pain,’ &c., &c. (Relief steps.) 

Earthquake in Shanghai (? summer). 

Long description of the great earthquake in Japan. 


1 These are the probable months. 

? *17th day of 8th month’ =September 22. 

* The earthquake was probably on May 28. 

‘ The earthquake was probably in April. 

5 These last two taken from Mr. Parker’s private notes. 
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Establishing a Solar Observatory in Australia.—Report of the 
Committee, consisting of Sir Davip GiLL (Chairman), Dr. 
W. G. Durrietp (Secretary), Dr. W. J. S. Lockysr, Mr. 
F. McCuean, and Professors A. ScHUSTER and H. H. Turner, 
appointed to aid the work of Establishing a Solar Observatory 
in Australia. 


Tue Secretary is at present in Australia endeavouring to obtain the 
necessary funds to enable a Solar Observatory to be erected. 

At the Brisbane Meeting of the Australasian Association for the 
Advancement of Science the following resolution was passed by the 
Council appreciative of the support of the British Association :— 

“That in view of the generous attitude of the British Association in 
granting 501. towards the establishment of the Observatory a similar 
sum be granted by the Australasian Association.’ 

It was quickly discovered that solar observations could not be well 
made at any of the existing State Observatories, and so an attempt is 
being made to establish a special observatory for the work, which shall 
be affiliated with all the Universities in the Commonwealth. For this 
purpose the Australian Solar Physics Committee of the Australasian 
Association has been formed, consisting of the Professors of Physics of 
each University and the Government Astronomer of each State, Mr. 
G. H. Knibbs, Commonwealth Statistician, being President, and Dr. 
Duffield, Hon. Secretary. 

This Committee formed a deputation which waited upon the Com- 
monwealth Government (Fisher Ministry) and asked for funds. The 
Minister replied that ‘ he thought Parliament would not be less public- 
spirited than private citizens, and would probably give pound for pound 
to the erection and equipment fund, and might maintain the observatory 
after its establishment.” The Fisher Government went out of office 
before the official reply was received, but the Deakin Ministry is now 
considering the matter and a reply is expected in the course of a few 
weeks. 

The Australian Solar Physics Committee has written to the British 
Association Committee offering to undertake the responsibility of spend- 
ing the grant-in-aid of 50l., which it is proposed to devote towards 
finding a suitable site for the proposed observatory. 

The enclosed memorandum has been prepared for the benefit of 
the Federal Government by the Australian Solar Physics Committee, 
setting forth the aims of the proposed Observatory, the history of the 
movement, and the support that has been accorded. Up to the present 
time 9501. has been promised towards the equipment of the Observatory, 
in addition to the ‘ Farnham’ Telescope 6-inch Grubb Refractor, and 
the ‘ Oddie’ Bequest of a 26-inch Reflector and a 9-inch Grubb Re- 
fractor. 

The Government have been asked to give 10,0001. towards the equip- 
ment and erection, and 1,5001. per annum for maintenance. 


Solar Research.—The proposed Australian Solar Observatory. 


That this work is of national importance is shown by the attendance 
at the last Congress of the International Solar Research Union of 
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representatives from the observatories and scientific bodies of Austria, 
Belgium, France, Germany, Great Britain, Holland, Hungary, India, 
Italy, Russia, Servia, Spain, Switzerland, and the United States. 

_ Australia is not represented upon the International Committee, 
though her co-operation is earnestly desired for the following 
reasons :— 


The Establishment of a Solar Observatory in Australia is essential for 
the completion of the International Scheme. 


(a) Because it would fill a gap at present existing in the chain of 
Observatories round the Earth.—The existence of the International 
Union for Solar Research is due to the fact that several problems 
connected with the sun depend for their solution upon a continuous 
series of observations made through the twenty-four hours, during 
which period the earth rotates once about her axis, and presents 
different parts of her surface in succession to the sun. It has thus passed 
out of the scope of two or even three stations to deal with such ques- 
tions; what are required are Observatories B 
spaced regularly round the earth so 
that the sun may be observed at one of 
them when observations are unfavourable or 
impossible at the others. At present the 
stations are concentrated in three well- 


defined areas, which are marked A, B, C a A 

in the sketch, and which are separated by 

approximately 90° of longitude. The 

great gap between. India and America, 

at D, could be filled by an Australian 4 

Observatory, whose erection would enable he circle represents the 

the changes in the form of sun-spots, Equator. 

their numbers and areas, and the variations A—India. 

in the prominences and in the distribution Ge NN a Ger- 

of metallic vapours over the solar disc to Gish den (Mt, "Wilson, 

‘be kept under continual observation Washington, &c.) 
D—Australia. 


throughout the whole twenty-four hours. 


(b) Because a Solar Observatory is required South of the Equator.— 
If we neglect Mauritius, where solar work is confined to direct photo- 
graphs of the sun’s disc, no station south of the Equator contributes 
towards the International Scheme, though work with the spectro- 
heliograph is required in south latitudes, and that most important 
branch of study—solar radiation—must eventually be undertaken in 
the same part of the world. For this work a fully-equipped observatory 
exists at Washington, and though the Smithsonian Institution has 
repeatedly urged the necessity of an additional station in south latitudes, 
and has pointed out the benefits that may reasonably be expected from 
a full study of this subject, the problem is not attacked elsewhere. 

(c) Because Australia’s Climatic Conditions are uniquely Favour- 
able.—With her almost perpetual sunshine Australia is particularly 
suitable for this work, and besides the promise that her clear skies give 
of excellent photographic results, the feature that makes Australian 
co-operation especially desirable is that observations would be possible 
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in Australia at the time of year when they can be least successfully 
made at other great observatories—Kodaikanal (India), Mt. Wilson 
(U.S.A.), South Kensington, &c. At the first of these the rainy season 
lasts from November till February, at the second from December till 
May, and at South Kensington work is out of the question during the 
English winter; consequently an observatory in Australia, where the 
sunshine is practically unfailing from November till March, is essential 
for supplying the solar ‘observations for this season of the year, and is 
necessary for the fulfilment of the scheme of international co-operation. 

The comment of Sir John Eliot, K.C.I.E., F.R.S. (late Astro- 
nomer and Meteorologist to the Indian Government), when this was 
pointed out to him, was: ‘ Sir, this observatory is not only advisable, 
it is essential.’ 


Besides the above reasons, which are of International Significance, there 
are others which may be classified as 


(d) Purely Scientific Reasons.—Apart from the educational value 
of astronomical research, the doctrine that all work should be relegated 
to the country most suitable for it requires that advantage should be 
taken of the unique climatic conditions of Australia, which is un- 
rivalled in the abundance of her sunshine and the clearness of her 
atmosphere. Such problems as the nature and cause of sun-spots, to 
which the recent discovery in America of vast vortices and intense 
magnetic fields has added so much importance—the nature of the 
corona and other solar appendages, the distribution of the elements 
over the solar disc, the pressure of the sun’s atmosphere, solar rota- 
tion, the cause of the remarkable differences between the spectra from 
the centre of the disc and from the limb, the connection betwen solar 
disturbances and terrestrial phenomena are all questions of world-wide 
interest, and it may be hoped that Ausfralia will share in the task of 
elucidating them. 

(e) Practical Reasons.—It would be to Australia’s advantage to 
undertake the work. Much has been written about the connection 
between solar and terrestrial phenomena, and it is the earnest hope of 
solar investigators that this subject may be fully dealt with at observa- 
tories well equipped for the purpose. The Council of the Royal Society 
of London urges the establishment of an observatory in Australia, 
‘ especially as the subject includes the connection between solar changes 
and meteorological and magnetic phenomena.” Moreover, the great 
work on solar radiation carried out in Washington by the Astrophysical 
Observatory of the Smithsonian Institution ‘ was deliberately under- 
taken in the hope of improving weather forecasts,’ and it is well known 
that the Indian Solar Observatory was erected in the belief that it would 
ultimately furnish results of direct value in famine prediction, the action 
taken by the India Office being based upon the Famine Commission 
Report of 1880. 

The arguments for the establishment in Australia of an observatory 
devoted to solar physics are summarised below :— 


National Reasons.-—(a) ‘ The advancement of science.’ (b) ‘ The 


educational advantages accruing from the study of an intellectual sub- 
ject.” (c) The practical advantages which meteorology may fairly 


<a. 
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expect to gain from a proper understanding of the connection between 
solar and terrestrial phenomena. 

International Reasons.—The necessity for Australian co-operation 
with other nations in solar work is exemplified under the following 
heads :— 

(a) ‘ Australia’s position in longitude would enable her to fill a 
gap at present existing in the chain of observatories round the earth. 

(b) ‘ Australia’s position in latitude. No station devoted to solar 
research exists south of the equator, where one is required to extend and 
verify the work of the Smithsonian Institution’s Observatory at 
Washington. 

(c) ‘ Australia’s clinical conditions would allow investigations to 
be made under excellent conditions at a time of year when, on account 
of the rainy season, work is generally impossible at ofher observatories. ’ 


History of the Movement. 


In April 1907 a letter to the Adelaide papers aroused some interest 
in the matter, and the Premier of South Australia was asked for funds 
to enable the Adelaide Observatory to undertake the work. This was 
refused on the ground that the Observatory was about to be absorbed 
by the Commonwealth Government. 

At the last Congress of the International Solar Research Union in 
Paris in May 1907, Sir Norman Lockyer proposed a resolution support- 
ing the movement, and this was carried unanimously. 

A copy of this resolution was forwarded by the Chairman of the 
International Union to the Colonial Office, whence it was referred to the 
Governor-General of Australia. 

The Commonwealth Government, in the absence of an Astronomical 
Department, referred the matter to the Meteorological Department, 
which reported that ‘ it is very desirable that such an observatory should 
be established, &c.,’ and inquiries were made as to the personnel and 
equipment of existing State observatories for carrying out the work. 
These, however, replied that they were not equipped for the purpose, 
and could only undertake the work if the necessary funds should be 
forthcoming from the Commonwealth Government. 

The British Association offered its influential support, and formed a 
committee to co-operate with Australian astronomers in furthering the 
movement, Sir David Gill, K.C.B., F.R.S., being Chairman. 

The Royal Society expressed its approval of the project and suggested 
that the proposed observatory should be affiliated with the Adelaide 
University. But the Council of the University, though willing to 
undertake the work, could only do so if the funds were forthcoming 
from an external source. 

A broader basis for this observatory, however, lay in its being 
affiliated not with one university but with all the universities within 
the Commonwealth, the matter being one which affects the prestige of 
Australian science not the science of any one particular State. 

Upon these lines therefore the Australian Solar Physics Committee 
was formed at the meeting of the Australasian Association for the 
Advancement of Science in Brisbane, January 1909, the memters 


G. H. Knibbs, Esq., Commonwealth Statistician, President; W. 
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Geoffrey Duffield, D.Sc., Hon. Secretary; Professor Bragg, F.R.S., 
President of the Australasian Association; Senator Keating; the Pro- 
fessors of Physics of the Sydney, Melbourne, Adelaide, and Hobart 
Universities, which they officially represent, and the Government 
Astronomers of the Australian States. 

This Committee formed a deputation which waited upon the 
Minister for Home Affairs of the Commonwealth Government (Fisher 
Ministry), and presented the resolution which had been passed by the 
Council of the Australasian Association for the Advancement of 
Science. The Minister replied that ‘ he thought Parliament would be 
not less public spirited than private citizens, and would probably give 
pound for pound to the erection and equipment fund, and might main- 
tain the observatory after its establishment. ' 


Scientific Institutions supporting the Proposal. 


The International Solar Research Union.—At the meeting in Paris, 
May 1907, the following resolution was proposed by Sir Norman 
Lockyer and carried unanimously: ‘ That this International Congress 
hears with great satisfaction of the proposal to establish a Solar Physics 
Observatory in Australia, and expresses its decided opinion that an 
observing station in that part of the world would fill a gap which now 
exists in the system of observatories distributed over the earth, and 
yield contributions of great value to the study of solar phenomena.’ 

The Royal Society, February 10, 1908.—' The Royal Society are 
strongly of opinion that the foundation and equipment of a Solar 
Observatory in Australia are desirable, or else, as an alternative, that 
provision for systematic solar observations, including an adequate staff, 
should be made at one of the existing observatories. They are of 
opinion that a very valuable contribution could thus be made by 
Australia to the international scheme for solar research now in opera- 
tion, especially as the subject includes the connection between solar 
changes and meteorological and magnetic phenomena, in the systematic 
international observation of which Australia already takes a share.’ 

The British Association for the Advancement of Science, September 
1908, formed a committee to co-operate with Australian astronomers 
‘to aid in the establishment of a Solar Observatory in Australia,’ con- 
sisting of Sir David Gill, F.R.S. (Chairman), Dr. W. G. Duffield 
(Secretary), Professors Schuster and Turner, Dr. W. J. S. Lockyer, 
and Mr. F. K. McClean, and a grant-in-aid of 501. was voted. 

Australasian Association for the Advancement of Science, Brisbane, 
January 1909.—The Council passed the following resolution: ‘ That the 
Australasian Association for the Advancement of Science records its 
unanimous support to the movement for the establishment in Australia 
of an Observatory devoted to the study of solar physics, which has been 
so strongly advocated by the International Union for Co-operation in 
Solar Research, by the Royal Society, and by the British Association 
for the Advancement of Science, and which is essential to the scheme of 
solar study instituted by the International Union. The practical 
possibilities, combined with the scientific value of solar research, makes 
the project a matter of national and of international importance.’ 
‘That a copy of the foregoing resolution be forwarded to the Prime 
Minister of Australia, with an urgent appeal that steps be taken to 
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secure the establishment of a Solar Physics Observatory in Australia.’ 
‘That a-committee be formed to aid in the work of establishing such 
an observatory.’ ‘ That in view of the generous attitude of the British 
Association in granting 50]. towards the establishment of the observa- 
tory a similar sum be granted by the Australasian Association.’ 
Smithsonian Institution, October 31, 1907.—The Secretary writes : 
‘Mr. Abbot, the Director of the Astrophysical Observatory here, with 
whom I have conferred in the matter, is of the opinion that Australia 
furnishes excellent sites for a Solar Observatory because of cloudless- 
ness. It is now known that there are rapid changes occurring on the 
sun, which for their proper understanding require nearly continuous 
observations to be made. Few existing observations are situated in 
regions where good solar observing conditions are common, and there is 
abundant opportunity for valuable work on the part of the proposed 
Australian Observatory. Its situation is exceptionally favourable both 
in latitude and longitude, and therefore the more desirable, so that it 
may be unhesitatingly said that an Australian Solar Observatory is likely 
to promote knowledge in many Lranches of science. While, of course, 
the advantage to science is a sufficient argument among scientific men 


- for the usefulness of such an establishment, it may be fairly claimed 


that such an observatory would have a direct value for the people of 
Australia. Indeed there is no branch of astronomy which more fully 
deserves the support of the Government because of its probable utility, 
than the study of solar radiation in its relations to life and climate and 
power upon the earth.’ 

In addition to the above institutions and to British and Colonial 
observatories the project has the support of the following: ‘ The 
Mount Wilson Solar Observatory, California, U.S.A.; ‘The Royal 
Observatory of Cetania and Etna’; and ‘The Society of Italian 
Spectroscopists.’ 


The Present State of our Knowledge of the Upper Atmosphere as 
obtained by the use of Kites, Balloons, and Pilot Balloons.—Report 
of the Committee, consisting of Messrs. E. Gotp and W. A. 
Harwoop. 
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I. IntRopucToRY. 


THE past decade has been most fruitful in the application of self-recording 
instruments to the investigation of the free atmosphere. But the work 
has been mainly confined to obtaining, collecting, and publishing the 
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results of the observations. The results obtained from manned balloons 
were arranged and discussed very fully and systematically ten years ago 
by the German meteorologists, Von Bezold, Assmann, Berson, and Siiring ; ! 
but the discussion of the much more numerous results obtained with 
kites and registering balloons has been devoted to isolated ascents or to 
sag points, frequently imperfectly treated owing to the gaps and to 
the difficulty of dealing single-handed with a mass of undigested material. 
At the same time very much valuable knowledge has been acquired, and 
the meteorologist of to-day is in consequence much better equipped in 
many respects for attacking the problems to which his predecessors could 
bring only the ingenuity of speculation and of theory, although his work 
may be more difficult and less entertaining than theirs. 

By the use of kites a fairly complete knowledge has been obtained of 
the variation in the meteorological elements up to a height of 2 km. 
Registering balloons have furnished information regarding the distribution 
of temperature up to a height of 15-20km. But the comparative absence 
of arrangement of the observations in a form suitable for discussion has 
necessitated a considerable amount of labour in extracting from the 
observations the information they contained. It has therefore been im- 
possible to deal with all the branches of investigation, and the discussion 
of the observations of humidity, of the constitution and formation of 
clouds and fogs, and of the electrical state of the free atmosphere has not 
been included. The Report deals with the instruments and the methods 
of investigation and with the results for temperature and for wind. 


II. Historical Summary. 


Free Manned Balloons.?—The scientific investigation of the conditions 
of the upper atmosphere was begun about the middle of the eighteenth 
century by Bouguer, a French Academician, during a geodetic expedition 
to Peru. He fixed the height of the freezing-point in various latitudes 
by means of observations on the slopes of mountains. The first scientific 
manned balloon ascent was made by Jeffries, November 30, 1784, from 
London. The balloon-car contained a thermometer, barometer, hygro- 
meter, electrometer, mariner’s compass, and bottles filled with water for 
obtaining samples of air. The rate of fall of temperature was found to 
be 1° F. per 360 feet. No change of electrical conditions was indicated. 
Samples of air were sent to the Royal Society, but were apparently not 
analysed ; a paper on the results was read before the Society, January 
1786. The observations of Jeffries compare favourably with those 
made until the adoption of aspirated instruments. Some time then 
elapsed before the next ascent for purely scientific purposes was made. 
In 1803-04 Robertson, a Belgian physicist, made three ascents from Ham- 
burg and St. Petersburg. The third was made under the auspices of the 
Russian Academy, which proposed to examine the change in the rate of 
evaporation of fluids, change of magnetic force and magnetic inclination, 
and the increase of solar heat with increase of height. The Paris Academy 
of Sciences took up the investigation in the same year, and Biot and Gay- 
Lussac together (August 24, 1804), and later Gay-Lussac alone (Septem- 
ber 16, 1804), made ascents from Paris to verify Robertson’s St. Peters- 
burg results, which indicated that the magnetic force diminished with 


1 Wissenschaftliche Luftfahrten, 1899. 
? A good general account of the ascents made before 1870 is given in Travels in 
the Air, by Glaisher, Flammarion, de Fonvielle, and Tissandier. 
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increase of height. Gay-Lussac found the rate of fall of temperature 
to be 1° F. per 300 feet and that the magnetic force increased with height. 
No further investigation was made until 1850, when Messrs. Barral and 
Bixio made two remarkable ascents from Paris. They demonstrated the 
great thickness (about 15,000 feet) of some cloud masses and noted that 
while the light from the sky was polarised, that reflected from the clouds 
was not. At 23,000 feet they encountered a cloud consisting of ice 
particles.' The British Association first took part in the work in 1852, 
when Mr. John Welsh made four ascents from the Kew Observatory. The 
object of the ascents was to find the rate of diminution of temperature and 
change of humidity, to collect samples of air, and to examine the light from 
the clouds for polarisation.? Recognising the probable effect of the sun 
on exposed thermometers, Welsh enclosed his thermometers in a polished 
metal tube through which air was forced by bellows, thus instituting the 
aspirated apparatus perfected later by Dr. R. Assmann of Berlin. The 
thermometers were very sensitive, falling through 20° F. in 11 seconds 
on being taken from a warm toa cold room. He attained heights ranging 
from 4 to 7 km., and found that the temperature fell uniformly, until at 
a certain height, which varied on different days, the fall was arrested and 
the temperature remained practically constant through 600 to 900 metres. 
The uniform diminution was then resumed, but at a less rapid rate. The 
seasonal variation of the rate of fall of temperature was demonstrated. 
It was found that the light reflected from clouds was unpolarised.* 

The experiments in connection with the British Association were 
continued by a Committee appointed at the Manchester meeting in 1861. 
The experimental work was undertaken by Mr. Glaisher, who with Mr. 
Coxwell?made twenty-eight ascents during the period July 17, 1862, to 
May 1866.4 The chief objects of the investigation were to find the laws 
of variation of temperature and humidity with height, and to examine 
the variation of magnetic force and electric potential. 

Glaisher at first employed Welsh’s aspirated thermometers, but 
noticing that these recorded the same values as the exposed instruments 
he discontinued the aspiration. Subsequent observations have shown that 
the agreement between the indications of aspirated and unaspirated 
instruments was due to faulty exposure in the balloon-car. He took 
also maximum and minimum thermometers, ozone papers, and an electro- 
meter lent by Professor W. Thomson of Glasgow (Lord Kelvin). 

As the number of observations increased the conclusions drawn 
became more uncertain. To quote Glaisher’s words :— 


It was found that those taken in the morning hours did not accord 
with those taken in the afternoon hours, nor did those taken at one time 
of the year agree with those taken at other times of the year.’ ” 


In cloudy weather the rate of fall was 1° F. per 300 feet, but in clear 
weather 1° F. per 160 feet at first, and only 1° F. per 1,000 feet at 6 miles. 
Observations at night were made with the help of miners’ lamps, when it 
was found that the temperature rose as the height increased. The results 
for humidity were similar to those of Welsh. At a height of five miles 
(8 km.) there was almost complete absence of water vapour. The time of 
vibration of a suspended magnet was found to diminish with increase 


! Nature, xviii. p. 639. 2 Brit. Assoc. Reports, 1852, p. xxix. 

§ Phil. Trans., 1853. 4 Brit. Assoc. Reports, 1861-66. 

5 Brit. Assoc. Reports, 1862, pp. 31, 376 ; 1863, p. 426; 1864, p. 195; 1865, p. 145 ; 
1866, p. 367. 
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of height: a result contrary to that of Gay-Lussac, but in agreement 
with that of Robertson. 

In 1869 Glaisher made further observations to examine more closely 
the variation of temperature and humidity up to 1,000 feet. These later 
observations were the first obtained by means of a captive balloon. They 
indicated a decided diurnal range of temperature.! The work was not 
pursued further in England, but interest was stimulated in France, and 
many ascents were made by MM. Flammarion, de Fonvielle, and Tissan- 
dier. Jn 1875 two ascents were made by Tissandier, Crocé-Spinelli, 
and Sivel, one of long duration (24 hours) and the other to a great height 
(9,000 metres). The apparatus carried included a pump to draw air through 
tubes filled with potash for estimating the amount of carbon dioxide, a 
spectroscope for examining the water-vapour line in the solar spectrum, 
two aneroid barometers, one giving the pressure from 0 to 4,000 m. and 
the other from 4,000 m. to 10,000 m., two barometric tubes for registering 
the lowest pressure, and thermometers.” This ascent resulted in the 
death by suffocation of Crocé-Spinelliand Sivel, and in consequence only 
one ascent was made in France between 1875 and 1878. The successful 
construction of the large Giffard captive balloon in Paris in 1878 gave a 
great impetus to aeronautical work in France.* In 1879 the Paris Academy 
Inaugurated its first series of ascents, and Tissandier made observations 
to verify the barometer height formule by means of photographs from 
the car, a method originally proposed by Le Verrier in 1874.4 In the 
same year (1879) the International Congress of Meteorologists at Rome 
passed several resolutions relating to the importance of balloon observa- 
tions in meteorological investigation.” In July 1881 MM. W. de Fonvielle 
and Lippmann made an ascent after midnight, carrying only barometer 
and thermometer,® and about the same time the investigation was 
resumed in England by the Meteorological Office.’ 

The number of balloon ascents accomplished and the observations 
made had now become very numerous and widely distributed, but it was 
seen that the results were strangely discordant. No organised balloon 
ascents had taken place in Germany, though isolated ascents had been 
made since about 1880; but German meteorologists attributed the 
discrepancies to faulty instruments and methods of observation. Com- 
parisons by A. L. Rotch in ascents from Paris and Berlin showed that 
Richard’s self-recording thermometer registered 8° C. higher than a sling 
thermometer, and the latter 2° higher than a new aspirated thermometer 
designed by Assmann in 1887.8 These tests showed the necessity for the 
use of accurately specified methods of observation and thoroughly tested 
instruments in all countries. The doubt thrown on all previous obser- 
vations caused the Prussian Meteorological Institute to inaugurate a 
series of experiments to repeat the work of Glaisher. Forty-seven ascents 
were made between June 1888 and February 1895. In these ascents 
the instruments were placed in a well-ventilated enclosure and their indica- 
tions were compared with those of instruments exposed as in earlier 
ascents. In four cases self-recording instruments were used. On December 4, 
1894, Dr. A. Berson rose to a height of 9,600 m., the highest level at 


*<On the Changes of Temperature and Humidity of the Air up to 1,000 feet,’ 
J. Glaisher, Brit. Assoc. Reports, 1869. 

* Compt. rend., 1875, pp. 803, 866, 976, 1060. 

* Nature, vol. xviii. p. 291. * Tbid., vol. xviii. p. 160. 

> Tbid., vol. xx. p. 58. 6 Thid., vol. xxiv. 225. 

* Tbid., vol. xxv. p. 158, 8 Tbid., vol. xlv. p. 168; vol. xliv. p. 512. 
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which observations had been made,' and later (in 1901) Berson and Siiring 
rose to 10,800 m.? On the latter occasion both aeronauts were uncon- 
scious at the maximum height, and revived only after the balloon had 
descended about 4,000m. In Glaisher’s famous ascent from Wolver- 
hampton, September 5, 1862, the last observation was made at 8,900 m., 
although the balloon was supposed subsequently to have risen 2,000 m. 
higher.’ Special precautions were taken to make the two series of ascents 
comparable, Berson going so far as to make an ascent from the Crystal 
Palace in September 1898, a simultaneous ascent being made from Berlin. 
The final results showed that Glaisher’s results for temperature were 
faulty, the error probably arising through insufficient ventilation. In 
the ascent of December 1894 the temperature at the maximum height 
was —54° C. by the aspirated thermometer and —11° C. by the exposed 
thermometer. The results, together with those of Berson and Siiring, 
and of a simultaneous ballon-sonde ascent, are shown for comparison in 
the table 4 :— 


Fall of Temperature ° C. per 1,000 metres 
: July 31, 1901 
Height, metres Glaisher Berson Bevan ’ Ballon- 
& Siirmg sonde 

0-1,060 T5 5:0 72 8:3 
1,000-2,000 6°5 5:0 ected Lhe Gal 
2,000-3,000 5:0 5-4 lat Gah 8 tage 77 
3,000-4,000 4-2 5:3 eee Chen 61 
4,000-5,000 38 64 | TA 57 
5,000-6,000 3:2 6:9 | | 5b 63 
6,000_-7,000 3:0 6°6 aint ce? 4:7 
7,000-8,000 2:0 70 eae, 76 
8,060-9,000 1:8 9:0 | 3°6 (ell 


It will be noted that in Berson’s observations there was no indication 
of the isothermal zone discovered by Teisserenc de Bort and Assmann.” 

Later experiments with free manned balloons have been in most 
cases confined to lower altitudes and have been made principally for 
comparison with, and verification of, observations made by other means. 

Captive Balloons—Atter Glaisher’s work in 1869, captive balloons 
were little used for scientific purposes until 1890. In 1876 Mendeléef 
proposed to construct a large captive balloon and to fit it with apparatus 
of his own design,’ and in September 1889 tests of barometer-height 
formule were made by means of a captive balloon in Russia; but in 
‘general the shocks and jars sustained by these balloons owing to gusts 
of wind, together with their violent oscillations and frequent rapid rotation, 
rendered them extremely unsuitable for mercury barometers, while in 
winds of only moderate strength they refused to rise to any considerable 
height and drifted along close to the ground. E. D. Archibald in 1885 
proposed to employ a captive kite-balloon to get rid of the captive balloon’s 
defects, and in 1887 claimed to have obtained satisfactory results.’ The 


1 Nature, vol, liii. p. 136. 

2 Ergebnisse der Arbeiten am Aéron. Obs. Berlin, 1900-1901, pp. 224-233. 
* § Brit. Assoc. Reports, 1863; Travels in the Air, Glaisher. 

* Nature, vol. lxv. p. 224. 

5 The ballon-sonde record indicated that it was reached at 12 km. 

§ Nature, vol. xiv. p. 517. 7 Tbid., vol. xxxvi. p. 278. 
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introduction of sufficiently rigid self-recording barometers and reliable 
recording thermometers and hygrometers, however, rendered captive 
balloon observations far more practicable.' 

The kite-balloon of Siegsfeld and Parseval, a more elaborate apparatus 
than that of Archibald, was first used to raise meteorological instruments 
in 1898 at Strassburg, and has since been used regularly at the Prussian 
Meteorological Institute, Lindenberg, to obtain observations in calm or 
nearly calm weather. At most other stations ordinary captive balloons 
have been used, and in weather when both kites and captive balloons 
are useless, small pilot balloons have been employed to determine the 
direction and velocity of the wind. 

Pilot Balloons—The use of small free balloons was first suggested by 
Le Verrier in 1874.2 In 1877 M. Secretan of Paris, under the direction of 
M. W. de Fonvielle, sent up a series of small indiarubber balloons in order 
to investigate the changes of wind direction with altitude and to determine 
the heights of clouds.* 

The method was quickly adopted in America, and before the end of 
1877 it was decided to use these small pilot balloons regularly in Arctic 
work.! They were also employed in 1879 by the French Academy in 
preliminary ascents to determine the paths which manned balloons would 
take.° 

In continuation of the investigation of the variation of wind with 
height, M. Bonvallet in 1891 despatched ninety-seven paper balloons from 
Amiens, and sixty of the cards attached to the balloons were returned. 
The experiments were continued by Hermite during the period 1893-1898, 
and about half of the balloons sent up from Paris were returned from 
within a radius of 100 miles. 

Subsequently these pilot balloons have been employed regularly with 
theodolites in determining the direction and velocity of the wind at 
various heights, and to continue the observations when kites could not 
be flown owing to calm weather, or when an opposing current prevented the 
further rise of the kite.* They have, too, the advantage of reaching greater 
heights than kites. 

Kites —The first use of kites for scientific purposes was made by 
Alexander Wilson and his pupil Thomas Melville at Glasgow in 1749.’ 
In these experiments thermometers were raised to considerable heights. 
Three years later Franklin performed his famous experiment of collecting 
electricity with kites.‘ In 1822-23 the Rev. George Fisher and Captain 
Sir Edward Parry, using self-registering thermometers, obtained tem- 
peratures by means of kites at different heights in Arctic regions.° Some 
time later, in 1840, Espy, an American meteorologist, employed kites 
to verify his calculations of the heights of clouds from measurements of 
humidity.'° The experiments also extended to England, for W. R. Birt 
of the Kew Observatory flew kites in 1847 with the hope of obtaining 
the changes of temperature, humidity, and wind with height. In 1883-85 
KE. D. Archibald used kites with steel piano-wire to obtain the wind 


* Nature, vol. xlv. p. 168. 

? Ibid., vol. xlviii. p. 160. 8 Tbid., vol. xv. p. 458. 

4 Tbid., vol, xvii. p. 171. 5 Thid., vol. xx. p. 401. 

° P. 244; Compt. rend., 141, pp. 605-608, October 9, 1905; 142, pp. 918-921, 
April 9, 1906. 

" Trans. Roy. Soc. Edin., vol. x., part ii. pp. 284-286. 

® Sparks’ Works of Franklin, vol. v. p. 295. LE: 

® Symon’s Meteorolog. Mag., April 1897. 

%° Espy, Philosophy of Storms, 1841, p. 75. 
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velocity, employing a Biram’s anemometer, which registered the total 
amount of wind from beginning to end of the flight.! 

In 1885 Alexander McAdie repeated Franklin’s experiments on Blue 
Hill, U.S.A., using an electrometer,” and in 1891 and 1892 he measured 
the electric potential simultaneously at the base, on the slopes, and with 
kites above the summit of Blue Hill. About the same time L. Weber 
was making more extensive use of kites at Breslau, Germany, to collect 
electricity.* About 1890 Wm. A. Eddy, after making experiments with 
various forms of kites, devised a modified form of the Malay tailless kite, 
and in 1891 used several of these to raise a minimum thermometer, pro- 
posing thus to obtain additional data for weather-forecasting. The ex- 
periments were continued at the Blue Hill Observatory, and in 1894 the 
first continuously recording instrument was sent up.’ Later, the weight 
of the instruments was reduced and more efficient kites were devised. 
A report on the work being carried out at Blue Hill was presented to the 
International Meteorological Conference at Paris, September 1896,° and in 
1898 the International Aeronautical Committee recommended the inclu- 
sion of the kite and kite-balloon among the apparatus of all the principal 
observatories.° In the same year M. L. Teisserenc de Bort equipped a 
kite station at the Observatory of Trappes near Paris, and kites were 
used by M. Rykatcheff at St. Petersburg. In 1901 Rotch made expeti- 
ments with kites flown over the sea from steamships.’ In 1902 kite experi- 
ments were made by W. H. Dines on land and also over the sea from a 
small steam-vessel, on the west coast of Scotland. The experiments were 
continued at Oxshott and subsequently at Pyrton Hill for the Meteorological 
Office. In the same year successful kite experiments were made by 
Berson and Elias in a cruise to Spitsbergen, by Képpen in the Baltic,® 
and by Fassig, for the American Weather Bureau, in the Bahamas.'° 
Teisserenc de Bort extended his experiments to Scandinavia in 1902-03, 
and under his direction kites were flown day and night when possible at 
Hald in Jutland during nine months. The apparatus was then transferred 
to a Danish gunboat and ascents were made over the Baltic. During this 
cruise the highest kite ascent up to that date was made, the height recorded 
being 5,900 m.'' During the autumn of 1904 Professor Hergesell made 
a series of ascents from the yacht of the Prince of Monaco over the Atlantic, 
in the neighbourhood of the Canary Islands, and the Azores.'? These 
experiments were followed in 1905 by a similar expedition, organised 
by Teisserenc de Bort and Rotch, to the neighbourhood of Madeira, 
Teneriffe, and Cape Verde,'* and the expedition was repeated in 
1905 and 1906.1! The experiments were extended at the desire of the 
International Committee to India in 1905, observations being made at 


- Karachi in 1905 and subsequently at Belgaum.'? In 1907 a similar station 


1 Brit. Assoc. Reports, 1884, p. 639, and 1885. 
2 Proc. Amer. Acad. Arts and Sciences, vol. xxi. pp. 129-134. 
% Electrotechnische Zeitschrift., November 1886 and August 1889. 
* Quarterly Journ. Roy. Met. Soc., 1897. The observatory was established and 
oe’ by Rotch. Much of the experimental work was carried out by H. H. 
ayton. 
_ § Nature, vol. lvi. p. 602. 6 Tbid., vol. lviii. p. 380. 
* Thid., vol. \xvii. p. 137. 8 Thid., vol. xvii. p. 311. 
® Ergeb. der Arbeit. am Aér. Obs. Lindenberg, pp. 1-20, 1901-1902. 
10 Nature, vol. 1xx. p. 228. 
" Travaux de la Station Franco Scandinave & Hald, 1902-03, p. 40. 
2 Compt. rend.140, pp. 331-333, January 30, 1905 ; ibid., pp. 1569-1572, June 5, 1905. 
‘8 Thid., 141, pp. 605-608, October 9, 1905; 142, pp. 918-921,-April 9, 1906. 
"Nature, vol. \xxiv. p. 40; Ixxv. p. 211. 8 Thid., vol. Ixxvili. p. 280. 


78 REPORTS ON THE STATE OF SCIENCE. 


was established in Egypt,! and about the same time a station, at which 
daily ascents were to be made, was equipped at Glossop in England.’ 
The upper air observations obtained at the English stations, viz., Pyrton 
Hill, Glossop, Ditcham Park, and Brighton, are published in the Weekly 
Weather Report of the Meteorological Office. 

Ballons-Sondes.—The use of small free balloons to raise self-recording 
meteorological instruments was proposed in Copenhagen as far back as 
1809.3 At that time, however, no satisfactory self-recording instruments 
were available and the idea was not taken up. It was revived in 1873 
and 1874 by Jobert and Le Verrier, who proposed in this way to test 
barometer-height formule,‘ and again by Mendeléef at the International 
Meteorological Congress at Rome, 1879.° It was not until self-recording 
instruments had been considerably improved, however, that satisfactory 
observations became possible, and Hermite in 1893 was the first to put 
the idea into practical form. Satisfactory ascents were made by means 
of a varnished paper balloon, ‘ L’Aérophile,’ filled with coal-gas, but on 
the bursting of this it was resolved to construct a balloon of goldbeater’s 
skin. With this second ‘ aérophile,’ whose capacity was 113 cubic metres 
and weight 14 kgm., ten ascents were made by MM. Hermite and 
Besangon between 1893 and 1898.° In 1893 also Prof. Hazen attempted 
similar experiments in America.’? The objection was raised that the 
results obtained in this way were subject to the same errors due to insola- 
tion as those of Glaisher m 1861-69. Consequently a silk balloon, the 
‘Cirrus,’ capacity 250 cubic metres and weight 42 kem., was constructed 
and made eight ascents from Berlin between July 1894 and June 1897. 
All the instruments were enclosed in an aspirated tube (a ‘ Urania Pillar’), 
designed by Assmann. The highest ascent of the ‘Cirrus’ was made 
in September 1894, when the pressure fell to 50 mm. at 18,500 m. and 
the minimum temperature was —67° C. 

During the progress of the German experiments negotiations were 
carried on to obtain the general acceptance of uniform methods of ob- 
servation and the interchange of instruments with a view to evolving 
the best possible type. In consequence the International Meteorological 
Conference at Paris, September 1896, appointed a committee, consisting 
of de Fonvielle, Hermite, Assmann, Erk, Hergesell, Pomortzeff, and 
Rotch, to organise a series of simultaneous international ascents.'° 

These ascents extended rapidly, and already in 1896 four manned and 
four registering balloons were sent up on the same dates from France, 
Germany, and Russia.'! In 1898 the ascents were extended to Austria 
and Italy, in 1899 to Belgium, and in 1901 to England. 

Besides the work done in connection with the International Com- 
mittee, extended series of ballons-sondes ascents were undertaken inde- 
pendently. Between April 1898 and 1902 Teisserenc de Bort sent up 
258 ballons-sondes, which attained heights of 11 km.,!? and similar 

' Quart. Jowrn. BR. Met. Soc., 1908, p. 259. * Brit. Assoc. Reports, 1907. 

8 Ann. Harvard Obs., \xviii. part I, p.1; History and Practice of Aéronautics, 
John Wise, 1850. : 

* Nature, x\viii. p. 160; Ann. Harvard Obs., \xviii. part I, p. 1. 

5 Quart. Jowrn. R. Met. Soc., 1897. 

° Compt. rend., 1896, p. 961; 1897, pp. 424, 1180; Acad. des Sciences, April 15, 
1896; 7 Aérophile, vol. i., No. 1 et seg. 1893. 

7 Ann. Harvard Obs., \xviii. part I, p. 2. 

8 Nature, vol. li. ® Thbid., vol. lvi. p. 602. 

10 Thid. 1 Thid. 

Compt. rend., 129, pp. 417-420; 141, pp. 153-155 ; Suc. Franc. Phys. Séances, 8, 
1899, pp. 126-135. 
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_ apparatus was employed in the Atlantic expeditions of Rotch and 


Teisserenc de Bort, and of Hergesell in 1902-05.' Rotch made the 
first series of registering balloon ascents in America at St. Louis in 1904.2 
In 1907 the International Committee at Milan, adopting the suggestion 
of Teisserenc de Bort, determined to carry out the observations on a 
much more extended scale in the northern hemisphere. The work was 
extended to Africa and India, and several stations in Great Britain 
began to take part regularly in the ascents. Almost all the countries 
of Europe had previously taken part in the monthly international 
ascents, made since 1901 on the first Thursday in each month, and 
these countries continued to participate in the extended series, which 
included ascents of several balloons on successive days at stated 
periods. The results are collected and published by the International 
Committee. In addition, special ascents have occasionally been made, 
such as those at Milan during the month of September 1906 and at 
Manchester, June 2 and 3, 1909. On the last occasion twenty-five 
balloons were liberated in twenty-four hours, and during the same 
period four balloons were sent up at intervals of six hours from most 
of the Continental stations. 


III. (a2) Apparatus and Instruments employed in ascents of Balloons 
and Kites. 


The increasing use of captive balloons, which were subject to sudden 
shocks and jars, of ballons-sondes, and of kites, gave a strong impetus 
to the work of designing really satisfactory self-recording instruments. 
The light self-recording aneroid barometers, Bourdon tube thermometers 
and hair hygrometers of Richards Fréres, came to be considerably used 
with kites and ballons-sondes. They recorded through levers and metal 
styles on smoked paper, wrapped round a revolving clockwork drum. 
They were used with kites at the Blue Hill Observatory, U.S.A., alongside 
a meteorograph designed by Fergusson, which included also an anemo- 
meter, and by Hermite and Besancon with ballons-sondes in 1893-98. 
In 1891* Assmann described a new form of aspirated psychrometer, 
which was so far independent of shocks and jars as to be suitable for use 
with captive balloons.‘ In the following year, in a review of the results 
of tests and observations made in Germany by balloons and captive 
balloons, he stated that the aneroid barometers and aspirated thermo- 
meters which had been employed were satisfactory, the aspiration being 
absolutely necessary in order to obtain consistent and comparable 
results. The self-recording instruments used registered temperature by 
means of a bent Bourdon tube filled with alcohol, humidity by means 
of a bundle of hairs, and pressure by an aneroid barometer, the whole 
being enclosed in an aspirated space.> At the second meeting of the 
International Committee in 1898° Teisserenc de Bort exhibited a self- 
recording thermometer consisting of a blade of German silver fixed in a 
frame of Guillaume steel, which had small thermal inertia (requiring only 
15 seconds to indicate a sudden change of temperature of 9° C.),and which 
was not affected by shocks. Cailletet showed an instrument for photo- 
graphing simultaneously the face of the aneroid and the ground in order 


' See above, p. 77. 2 Ann. Harvard Obs. vol. \xviii. part 1. 
: Nature, vol. xliv. p. 502. ‘ Ibid. ai 
> Ibid., vol. xlv. p. 168. ® Ibid., vol. lviii. p. 380. 
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to verify barometer-height formule.' The ‘dromograph’ of Hermite 
and Besancon, a theodolite registering automatically the azimuths and 
angular altitudes of a balloon viewed from the ground, was also ex- 
hibited, as well as a heliometer employed by Kremser of Berlin for 
measuring the apparent diameter of balloons, and used since with pilot 
balloons. 

At this meeting it was resolved that— 


(1) Thermometers of less thermal inertia than those previously 
employed were necessary. 

(2) Efficient ventilation was indispensable. 

(3) Instruments should be tested before the ascents under circum- 
stances similar to those encountered during the ascents. 

(4) An aspiration psychrometer suspended at least five feet below 
the car was the only instrument suitable for manned ascents. 


At the third meeting of the Committee at Berlin, May 1902,? Assmann 
showed a compact apparatus for use with ballons-sondes, weighing only 
500 gm. The instrument registered through a pen filled with saltpetre 
on a sheet coated with lampblack which had been treated with a solution 
of ‘ Tonsol,’ and the resulting red trace could not be obliterated either by 
handling or by immersion in water. Hergesell and Teisserenc de Bort 
also exhibited self-recording thermometers. 

The type of instrument finally evolved for use with ballons-sondes 
had (1) a completely exhausted Bourdon tube barometer, which was 
found to show less fatigue effect than the aneroid barometer ; (2) Teisserenc 
de Bort’s bimetallic thermometer and Hergesell’s German-silver tube ther- 
mometer ; (3) a hair hygrometer.. The working parts of the instrument 
were enclosed in an aspiration tube. Similar mstruments were designed 
for use with kites. 

The principal self-recording instruments which have at various times 
been used have been designed by Richards Fréres, C. F. Marvin, 
Fergusson, L. Teisserenc de Bort, R. Assmann, H. Hergesell, and W. H. 
Dines.* Richards, Marvin, Hergesell, and Dines designed instruments for 
use with kites; and Richards, Teisserenc de Bort, Assmann, Hergesell, 
and Dines ballons-sondes instruments. 

Kite Meteorographs.—The Richard kite meteorograph is a_baro- 
thermo-hygro-anemograph. The barometer is a double aneroid, and the 
thermometer a Bourdon tube filled with alcohol. The hygrometer con- 
sists of a bundle of hairs, and the anemometer is of the Robinson cup 
type, operating through cogwheels and pulleys. The cups are mounted 
on a vertical spindle, projecting below the instrument, and thus 
work in an inverted position. The records are traced side by side 
on a smoked sheet fixed round a clockwork rotating drum, by styles 
connected through systems of levers to the various parts of the instru- 
ment. 

The whole instrument, with the exception of the anemometer cups, 
is enclosed in a protecting case. Ventilation is obtained by an opening 
in the front of the case and perforations in the back. The instrument 
is kept head to wind by means of a vane. Its total weight is 1,820 gm. 

The Marvin kite instrument is similar to the Richard instrument. 
The barometer is a large double aneroid with steel boxes. The ther- 


1 Compt. rend., 125, 1897, pp. 587-589. 2 Nature, vol, lxvii. p. 137. 
% A detailed account of Dines’ instruments and methods is contained in The 
Free Atmosphere in the Region of the British Isles, M.O., No. 202. 
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- mometer consists of two annular Bourdon tubes of very thin steel 
filled with alcohol, and the hygrometer consists of two bundles of 
hairs. The anemometer originally used was a small instrument of the 
Robinson cup pattern operating through an electro-magnet on a small 
hammer and recording on the drum in steps, each step corresponding to 
2°8 km. of wind. The anemometer cups were originally fixed to the upper 
end of the kite, but later were placed on a vertical spindle above the hinder 
end of the vane, so as to be away from the disturbing influence of the 
_ remainder of the apparatus. The thermometer tubes and hygrometer 
hairs are enclosed in a polished tube open at both ends, which is kept 
always end on to the wind by means of the vane. The rest of the instru- 
ment is enclosed in a light protecting case. In later patterns of the instru- 
ment used at the Lindenberg Observatory, Germany, the anemometer 
was replaced by an Assmann anemometer. As the Robinson cups were 
very liable to damage in falling, Assmann’s instrument was designed on 
the Woltmann flywheel anemometer principle. It took the form of an 
eight-bladed fan fitting into the end of the aspiration tube and operating 
through a train of cogwheels on the marking pen. The instrument, when 
used with the anemometer, is suspended from the wire some distance 
below the kite, to avoid any disturbing effect due to the latter. The 
weight of the instrument is about 1:06 kgm. 

The Bosch-Hergesell kite meteorograph differs in having a Bourdon 
tube barometer and an annular Bourdon tube filled with alcohol for ther- 
_ mometer. The anemometer is of the Robinson type, operating through a 
_ train of cogwheels and pressing the style on the record sheet once per 
_ minute in a wind of 6 m.p.s.—i.e., one contact per 360 metres of wind. 
_ The thermometer and hygrometer are enclosed in an aspiration tube, 
_ and the anemometer cups are mounted on a vertical spindle’ projecting 
_ through the instrument case. The protecting case is of aluminium and 

the frame of the instrument of magnalium. The total weight is 750 gm. 
The Dines instrument is of quite different design.!_ The frame consists 
of a wooden tray with raised sides for protecting the instrument from 
injury. In the middle of the frame a flat circular disc of white cardboard 
is caused to rotate by a small clock. The separate parts are mounted 
on the wooden frame and register through pen levers by means of special 
ink on the cardboard disc. The pressure and humidity are recorded side 
by side on one half of the disc and the temperature and wind velocity 
diametrically opposite on the other half of the disc. The barometer con- 
sists of a single aneroid, to the centre of which is soldered a projecting 
‘piece, which operates directly on the short arm of the pen lever. The 
thermometer consists of a long spiral copper tube filled with alcohol, and 
carrying at one end a small thin-walled box similar in shape to an aneroid 
box. The tube is fixed to the under side of the frame, but the box projects 
through to the upper side. A projecting piece soldered to the middle of 
the free side of the box operates directly on the short arm of the pen lever. 
The hygrometer consists of a bundle of hairs enclosed in a ventilation tube 
situated in the under side of the frame, and the movement is transmitted 
to the pen by levers fixed to a spindle passing through the frame. The 
 anemometer is actuated by the pressure of the wind on one or several light 
Spherical balls suspended by about 40 feet of thread attached to the end 
_ of a lever pivoted on the instrument frame. The pull is balanced by 
a spiral spring, so arranged that the deflection of the recording pen 18 
_ proportional to the wind velocity. 


} Symons, Met. May., vol, xxxix, 1904, p, 109. 
1909. G 
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The Marvin and Hergesell instruments are in general suspended from 
the wire some distance below the kite, so that the indications of the 
anemometer shall not be influenced by disturbances due to the kite. The 
Dines instrument is suspended in the centre of the kite, the anemometer 
thread being so long that the ball is out of range of the disturbances due 
to the kite. The method of attachment within the kite possesses consider- 
able advantages in protecting the instrument from injury. 

Ballons-sondes Meteorographs.—Of the different types of ballons- 
sondes meteorographs the first put into actual use was constructed by 
Richard. It was a baro-thermograph, having a multiple-cell aneroid 
barometer and a Bourdon tube thermometer filled with alcohol. The 
record was traced on a smoked sheet fixed to a clockwork drum. It was 
employed by Hermite and Besangon and by Hazen in 1893, and later, with 
various modifications, by Rotch at St. Louis, and in Russia. 

The first instrument employed by Teisserenc de Bort was a baro- 
thermograph consisting of an aneroid barometer and a small, slightly 
bent Bourdon tube alcohol thermometer. He found, however, that the 
aneroids showed considerable elastic after-effect,! and replaced them by a 
Bourdon tube barometer, which proved more consistent. The lag of the 
reservoir thermometer also led him to construct a metal thermometer 
whose thermal inertia was much smaller. This consisted of a strip of 
German silver 0-1 mm. thick, 250 mm. long, and 9 mm. broad, mounted 
in a nickel-steel frame, the expansion of the strip being multiplied two hun- 
dred times by a lever. In its final form his instrument consists of a 
Bourdon tube barometer, a bimetallic thermometer, and a_ hair 
hygrometer. The th rmometer is a compound strip of brass and steel 
soldered together. This strip has the form of a nearly closed ring, one 
end of which is fixed to the frame of the instrument, but insulated from it 
by a block of rubber, and the other is connected through levers to the 
recording pen. The block of rubber serves to prevent conduction of heat 
from the frame of the instrument, a source of error in previous instruments 
amounting to several degrees ©. The scale of the instrument is :— 


1 mm. of mercury = about 0°08 mm. deflection. 
Ibe (Op =  ,, 04mm. deflection. 


During an ascent the thermometer tube and the hygrometer hairs are 
exposed, but the rest of the instrument is enclosed in a cork case. The 
whole is slung by springs, inside a basket open at top and bottom, but 
lined round the sides with nickel paper. 

Hergesell designed a similar compound strip metal thermometer, but 
abandoned it owing to changes of zero produced by the straining of 
the soldered joint when the strip was distorted at low temperatures 
during the ascent. 

His final design included a Bourdon tube barometer, a hair hygrometer, 
and two thermometers. One of these latter is a bimetallic thermometer 
of the type used by Teisserenc de Bort. The other consists of a long, thin 
German-silver tube supported from its upper end by three nickel-steel 
uprights screwed into the base plate. The lever which operates the 
recording pen is fixed to the lower end of the tube, and is moved by the 
expansion or contraction of the tube. The tube projects through the base 
plate of the instrument, so that during the ascent a continuous current 
of air passes through it. The pressure, humidity, two temperature traces, 


1 Vide Compt. rend., July 11, 1898. 
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and the zero trace are marked side by side on the usual smoked aluminium 


sheet fixed to a revolving drum. The scale of the instrument is :— 


1 mm. mercury = 0°1 mm. deflection. 
1°C. == 0°7 mm. deflection. 


The clock is of invar and is guaranteed not to stop even at —80° C. 
The instrument is provided with a protecting case and weighs 750 gm. 
There is no forced ventilation, the rate of rise and fall of the balloon being 
deemed sufficient protection against solar radiation. In an ascent the 
instrument is suspended by springs in a basket lined at the sides with 
nickel paper. 

In order to reduce the weight of the instrument for use with small 
tubber balloons Assmann abandoned the heavy clockwork, and, after 
various modifications, devised the following instrument. Two cylinders 
free to rotate and with their axes parallel are mounted one above the other 
in the frame, and the record sheet forms an endless belt round them. One 
of the cylinders is turned on its axis by the expansion or contraction of the 
multicellular aneroid barometer, and the other cylinder and the record 
sheet move with it. The thermometer pen is carried across the sheet, 
parallel to the axes of the cylinders, by an endless thread passing round 
two pulleys, which are caused to turn by levers connected with a bimetallic 
thermometer consisting of copper and invar strips soldered together. 
The pressure is thus indicated by the movement of the record sheet, 
and the temperature by the movement of the pen across the sheet, the two 
motions being exactly at right angles to each other. The humidity is 
indicated in the same way as the temperature, a double-span hair hygro- 
meter being used. A small clock draws a pen across the record sheet to 
indicate the duration of the ascent, and to show if the balloon burst 
instantaneously on reaching the maximum height. Stoppage of the clock 
does not materially affect the results. The thermometer strip and the 
hygrometer hairs are enclosed in a ventilation tube, and in some of the 
instruments are aspirated by means of an electrically driven ‘ Scirocco ’ 
fan fixed into the ends of the ventilationtube. The total weight of instru- 
ment and case is 620 gm. 

The Dines meteorograph is of quite different design.' It is a baro- 
thermograph, no measurements of humidity being attempted. The 
barometer 1s in general a partially exhausted German-silver aneroid, and the 
thermometer is bimetallic, consisting of a strip of aluminium or German 
silver and arod ofinvar. The partially exhausted aneroid is used because 
it gives a larger scale than the totally exhausted box.? In the Assmann 
instrument the record sheet moves bodily, while the barometer and 
thermometer elements are fixed; in the Dines instrument the same 
effect is obtained by making the barometer and the record sheet fixed, 
while the thermometer moves bodily. The aneroid is fixed on one side to 
the frame of the instrument, and on its other side carries the thermometer. 
When the aneroid expands or contracts the thermometer is moved laterally 
asa whole, and the two pens, being attached tothethermometer, are carried 
across the record sheet and mark two similar and parallel pressure traces. 

The German-silver strip and the invar rod of the thermometer are 
approximately of equal length, straight and parallel to each other, and 
are separated slightly. They are fixed together at one end, and the 


' Symons, Met. Mag., July 1906, p. 101. 

* The original and perhaps more important reason was to utilise, as far as 
possible, the more perfect elasticity of a gas instead of that of a metal. The boxes 
containing air have very little lag. 
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thermometer pen lever is pivoted to the two free ends. The expansion 
or contraction of the German-silver strip causes the thermometer pen to 
move at right angles to the pressure traces. The traces are marked by 
two sharp steel styles on a roughly silvered metal plate. The scale of 
the instrument is :— 

1 mm. mercury = about 0°04 mm. deflection. 

11°C. = ,, 0:02 mm. deflection. 


The instrument with its case of polished aluminium, open at both ends, 
weighs only 55 gms. 


III. (6)—Testing of Instruments. 


Kite Instruments —The barometer of the Richard, Marvin, and 
Hergesell-Bosch kite instruments is tested under the receiver of an air- 
pump, by exhausting in steps. The pressure at each step is indicated 
by a mercury manometer. The barometer error due to temperature 
change is inappreciable at the heights reached by kites for the majority 
of the instruments. In those for which this is not the case, either a 
correction is applied as subsequently described for ballons-sondes instru- 
ments, or the aneroid or tube is replaced. In the case of the Dines instru- 
ment, however, the effect of temperature changes on the partially 
exhausted aneroids is considerable, owing to the contraction of the enclosed 
air and the comparatively thin German-silver walls of the box. The 
temperature correction is determined by placing the instrument in an 
alcohol bath, which may be cooled by carbonic-acid snow, and exhausting 
in steps at various temperatures. 

The method is rendered clear by the following table :— 


Temperature | Height Indicated Corrected Height Correction 
HOF Metres Metres Metres 
51 0 0 0 
610 610 0 
1220 1235 15 
1830 1845 15 
2440 2470 30 
3050 3080 30 
0 — 490 0 490 
0 490 490 
610 1110 500 
1220 1720 500 
1830 2350 520 
2440 2960 520 
3050 3580 530 
10 — 820 0 820 
i 0 820 820 
610 1450 840 
1220 2060 840 
1830 2680 850 | 
2440 3290 850 
3050 3900 850 
—20 —1170 0 1170 
0 1170 1170 
610 1780 1170 
1220 2410 1190 
1830 3020 1190 
2440 3640 1200 
3050 4250 ; 1200 | 


a i 
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The correction is thus :— 
Ah=0:01h + 32-4(T, —T,). 
Ah=correction in metres. 
h=height indicated. 
T,=temperature at ground level in °C. 
T, =temperature at height h+0-01h. 


The thermometers are tested by immersing them in a bath of alcohol 
cooled by carbonic-acid snow, the temperature being indicated by a 
standard pentane thermometer. 

The hair hygrometers are compared on the Continent with the 
aspiration psychrometer, and in England with the ordinary wet and dry 
bulb, the humidity being varied by means of sulphuric acid of different 
degrees of concentration or by other like means. 100 per cent. is obtained 
by wetting the walls of the enclosure. 

The Robinson and Assmann anemometers are compared with the 
indications of a standard instrument, the two being exposed together, 
or are placed in an artificial air-current of known velocity produced by a 
Scirocco fan. The Dines’ anemometer is calibrated by hanging various 
weights on the thread of the instrument, each weight corresponding 
to the pressure of a definite wind-velocity on the spherical balls, prede- 
termined by Mr. Dines. For example :— 


Test of Dines’ Anemometer. 


Weight Deflection | wind Velocity ae 
gm. grs. | 

8 123 | 14 / £5 

10 154 LF 70 

20 308 22 112 

30 463 27 13:9 

50 772 37 18:2 

70 1080 47 215 

80 1235 52 23°1 

90 1389 57 247 


Ballons-sondes Instruments.—The second meeting of the International 
Committee at Strassburg (April 1898) recommended that the ballons- 
sondes instruments should be tested as nearly as possible under the same 
conditions as those encountered during the ascent, and, if possible, to 
temperatures and pressures lower than those actually experienced. 

In the method of testing adopted by Teisserenc de Bort, the whole 
instrument was placed under the receiver of an air-pump and the pressure 
was lowered in stages down to about 50 mm. of mercury. The indications 
of the instrument at various pressures and atmospheric temperatures were 


thus obtained. 


To test the thermometer the Bourdon tube, or compound strip, was 
immersed in a bath of alcohol, the rest of the instrument being above the 
level of the liquid. The alcohol was then cooled by means of carbonic- 
acid snow to various temperatures down to —75° C. Teisserenc de Bort 


found that the Bourdon tube alcohol thermometers were satisfactory. 


The aneroid barometers were less accurate, the elasticity of the boxes 


_ being imperfect and giving rise to a considerable lag and to changes of 


zero after being subjected to low pressures.' The effect of temperature 


1 Compt. rend., July 11, 1898. 
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on the indications of the aneroids was not examined, and it was assumed 
that errors due to this cause would be negligible in comparison with the 
general accuracy of the observations. With this method of testing, 
Teisserenc de Bort found that his maximum barometric heights in ascents 
from 1899-1903 agreed on the average with trigonometrical observations 
to nearly +1 per cent. up to heights of 10 kms., and at 4 kms. the difference 
was negligible! The error was not wholly due to the temperature 
coefficient of the barometer, but partly also to the lag of the instrument. 
Later observations indicated an average error of + 2 per cent. at the 
maximum height and a very considerable lag at the lower altitudes.” 

After the work of Hergesell and Kleinschmidt on the temperature 
coefficients of the barometers*® Teisserenc de Bort began to test this effect, 
but instead of applying corrections for the temperature he replaced all 
tubes having too large a coefficient by new ones whose temperature 
coefficient was negligible. 

During the past two years, in accordance with the suggestions of 
Hergesell, certain of the barometers have been tested at various tem- 
peratures down to —50°C., and it has been found that the majority of the 
barometric heights above 13 to 14 km. are too low by at least 0°5 km. 
At 20 km. the correction is often 2 km. and even more. Many attempts 
have been made to eliminate this effect of temperature, but they have 
not been altogether successful. When the temperature correction is 
applied it is specially noted in publication. It may be pointed out that 
the application of the temperature correction to the Teisserenc de Bort 
barometer is not easy, as the Bourdon tube is enclosed in a cork case and 
its temperature in an ascent is not accurately known. The thermometers 
are compared every two or three months with a standard thermometer 
in an alcohol or petrol bath cooled to —70° C. with carbonic-acid snow, 
the alcohol being continually agitated. 

The methods of testing the instruments employed in the ascents from 
St. Louis, U.S.A., in 1904-07 were similar to those of Teisserenc de Bort. 
The barometer was tested under the receiver of an air-pump, and the 
thermometer by means of a mixture of alcohol and carbonic-acid snow 
down to a temperature of —83°C. No correction was applied for the 
temperature coefficient of the barometer. 

A similar method of testing is adopted at the Observatoire Constantin, 
Russia. 

In Germany the usual method of testing is different, and correction 
is made for the temperature coefficient of the barometer. 

At the Lindenberg Observatory the barometer is tested by placing 
it under the receiver of an air-pump and exhausting to various pressures. 
The air-pump receiver, which is of metal, has triple cavity walls through 
which carbonic-acid gas is allowed to circulate. The temperature is thus 
reduced to various values and the temperature correction of the barometer 
determined for different pressures. The air inside the receiver is kept 
in vigorous circulation by an electrically driven fan, and the temperature 
is indicated by a standard thermometer viewed through a double-glass 
window designed to be free from condensation of moisture on its faces. 
The thermometer of the instrument is calibrated at the same time. The 
exhaustion is carried down to about 50 mm. and the temperature to 


1 Brit. Assoc. Reports, 1903, p. 561. 
2 Compt. rend., 141, pp. 153-155, July 10, 1905. 
3 Bettrdge z. Physik der Freien Atmosphdare, 1, 1905, pp. 108, 208. 
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—60° C. The hygrometer is compared with an aspiration psychrometer 
in an enclosed space. 

This method of testing necessitates somewhat elaborate apparatus, 
and in the German ascents, other than those made at the Lindenberg 
Observatory, the method employed is similar to that of Teisserenc de Bort.: 
The temperature coefficient of the barometer is determined by immersing 
the instrument (the clock having been removed) in the alcohol bath, and 
reducing the temperature. In some cases, instead of alcohol, acetone or 
petrol is employed. Any Bourdon tube or aneroid which has too large 
a temperature coefficient is replaced by a new one. The temperature 
correction of the barometer is applied in the form proposed by Hergesell 
and Kleinschmidt,” viz. :-— 

Ap=-—AT(A—ayp), 
where A p is the pressure correction to be found, 
A T the fall of temperature, 
A, a constant varying with different instruments, 
a, a constant for a given type of instrument, 
p, the pressure uncorrected. 


The constant a, according to Hergesell and Kleinschmidt, is 0°00046 
for the Bosch-Bourdon tube and 6*°00064 for that of Richard. 
For a typical Bosch-Hergesell instrument the correction was given 


by the equation :— 
Sp = — AT (048 — 0:00046 p). 


In Germany, Kleinschmidt also tests the hygrometers at different tem- 
peratures. He found * that the length of the hairs was independent of 
the pressure and almost independent of the velocity of the ventilating 
air-current. The hygrometer was affected little by variations of tem- 
perature between +20°C. and +5°C., but became very sluggish below 
—10°C. It recorded slow variations fairly well at —30° C., but was not 
even qualitatively suitable at — 40° C. 


Test of Dines’ Ballon-sonde Barograph. 


Temperature Deflection | Pressure Deflection 
°C”. mm. | mm. mm 
15 +0°30 760 0°60 
| 600 3°35 
300 10 78 
50 15°85 
0 0:00 760 0:0 
600 2°76 
300 10:00 
50 15°28 
— 30 — 0°60 760 —1-20 
600 +1:58 
300 8°72 
| 50 14 75 
—60 —1:20 760 — 2°30 
600 +0°38 
300 7:58 
50 14:24 
t 


’ At Munich, Schmauss places the instrument in an air chamber surrounded by 
an alcohol bath. The air is thoroughly mixed by means of two fans. 

2 Beitrage z. Physik der Freien Atmosphdare, 1, 1905, pp. 108-119, 208-210, 

3 Thid, 2; 1906-07, p. 99. 
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He standardises the instruments (1) at normal pressure in moist and 
dry atmosphere ; (2) at reduced pressure and temperature in moist and 
dry atmosphere. 

In testing the Dines instrument the whole instrument is placed in 
an alcohol bath under the glass receiver of an air-pump. In this way 
the temperature correction of the barometer is found, at the same time 
as the thermometer is tested, by cooling the bath to various tempera- 
tures with carbonic-acid snow and exhausting the receiver in steps down 
to about 50 mm. at each temperature. 

Allowance is made for the pressure due to the depth of submersion 
of the aneroid in the alcohol. The alcohol is kept in circulation by the 
vigorous boiling off of the carbonic acid. (This is sufficient at times to 
make the liquid boil over the sides of the reservoir.) 

The temperature correction is more complicated than that of other 
instruments owing to the aneroid being only partially exhausted. It 
cannot be represented by a simple mathematical formula. A separate 
calibration curve is therefore drawn for each temperature, and the 
corrected pressures are read off from the curves. 

The temperature scales of all the different types of instruments are 
found to be linear, and the temperatures are calculated by means of a 
coefficient. 

The hygrometer scale is not quite uniform, and a correction is applied 
to the humidity indicated. 

Accuracy of Results.—The possible errors which may arise in observa- 
tions by means of kites have been practically eliminated by the con- 
struction of instruments almost completely unaffected by the shocks 
which occur during an ordinary ascent. 

No appreciable error can arise from solar radiation, because the 
wind which is necessary to raise the kite provides sufficient ventila- 
tion. The lag of the Marvin instrument is 1° F. when the temperature 
changes at the rate of 1°°5 F. per minute, corresponding to the ordinary 
rise or fall of the kite at the rate of 500 feet perminute.' The lag of other 
instruments is less. 

The effects of solar radiation in manned and captive balloon observa- 
tions on the Continent have been minimised by the use of aspirated 
instruments, while in England such ascents are made either near sunset 
or before sunrise, except when the sky is completely overcast. 

The chief errors in the observations arise in the ballons-sondes results. 

At the extreme heights reached by free balloons solar radiation is 
very intense, and may raise the temperature of an unventilated thermo- 
meter as much as 50° C. above that of the air.” 

This effect has been largely eliminated by the use of rubber balloons 
and instruments enclosed in highly polished ventilation tubes, and in 
many of the Assmann instruments by the additional precaution of as- 
piration by means of an electrically driven fan giving a current of 4 to 
5 m.p.s. The lag of the instrument has been diminished by the use of 
Bourdon tube barometers, the bimetallic thermometers of Teisserenc 
i and Dines, the tube thermometer of Hergesell, and ventilation 
tubes. 


The ventilation produced by the ascent of the balloon is now generally 


1 Frank. Instit. Journ., 148, pp. 241-259, October 1899. 


? Assmann, Preuss. Akad. Wiss. Berlin, Sits. Ber, 24, pp. 495-504, and Inter- 
national Ascents Pavlovsk, November 8, 1906. 
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accepted by observers as sufiicient. Experiments have been made in 
which the barometer, by completing an electric circuit at a given low 
pressure, set into motion a ventilating fan, producing a current of 
3-4 m.p.s. No discontinuity in the temperature trace was produced, 
showing that the effect of radiation in the isothermal zone was negligible 
under the conditions of the ascent.' It is also found that instruments 
of different types sent up together give results which are in good agree- 
ment. Thus in comparisons of the bimetallic thermometer of Teisserenc 
de Bort with the tube thermometer of Hergesell, the maximum difference 
between the temperatures indicated was 7°°3C., and the average difference 
was about 2° C. 

Comparisons of the Hergesell-Bosch with the Assmann instrument 
gave a maximum difference of temperature of 4°71 C. and a mean 
difference of 1°°7 C. 

The maximum difference between the temperatures indicated by two 
sa instruments sent up from Manchester was only 4° C. and the average 
only 1°C. 

Tables typical of the comparisons of various instruments are given. 


Comparison of Hergesell and Teisserenc de Bort Thermographs.* 


Temperature Temperature 
Height , _|| Height 
Hergesell L. T. de Bort Hergesell L, T. de Bort 
Km. Km. 
1 + 1:2 + 1:2 C — 33:0 — 33-4 
2 — 25 — 27 8 —39°8 —40°2 
3 — 49 — 49 9 —47°5 — 48-0 
4 —115 —11'8 10 —54:5 —55°5 
5 —18°5 —19:0 11 » = 59-4 —612 
6 —26°3 -—27-1 12 — 60-9 — 62:9 


Comparison of Hergesell and Assmann Thermographs. 


Temperature Temperature 
ee ee erony 
- Hergesell Assmann Hergesell § Assmann 
Km. Km. 

1 99 7-0 10 — 53:3 —52°8 
2 38 - 0:0 11 —51:3 — 52:1 
3 — 2-4 — 66 12 —50°8 —52°0 
4 — 9:2 —12°8 136" | —50°6 | —52°5 
5 —16°8 —19°9 14 —514 | —51°9 
6 —25°7 —29°8 15 —54:7 | —517 
ul —35:0 —38°6 16 —53°3 —517 
8 —44:5 — 48:2 17 —52°4 —518 
9 —54:5 —53°9 

{| 


1 Ergeb. der Arbeit. am Aér. Obs. Lindenberg, 1907, p. xiii. 
2 Tbid., 1906, p. 103. 3 Lbid., 1905, p. 99. 
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Comparison of two Dines’ Thermographs.' 


Temperature | Temperature 
Height = ——|| Height 
No. 90 | No. 94 No. 90 No. 94 
Km. | Km. 
1 —1 — 38 eel ice | —56 —54 
2 —7 | -—9 (arnt os —56 —54 
3 -13 —15 | 1d —55 —54 
4 —19 —22 Lp ied —55 —54 
5 — 24 / —26 | 16 —5b5 —56 | 
6 — 30 —32 lol ee —55 — 56 | 
7 —34 -- 37 18 —56 —57 
8 — 40 | — 43 he eis —57 —57 
9 _ —46 | — 50 i 20 —58 —59 
10 -- 52 — 54 ee ee a —59 —60 
11 —56 — 54 | 22 | — 60 — 60 


A. de Quervain in 1906 estimated from the results of his own and 
Hergesell’s experiments the probable maximum and mean errors of the 
various thermometers: due to lag.? His results may be tabulated as 
follows :— 


| Maximum error for fall | Probable mean error 


Assmann Copper-Invar 
Bosch New Bimetallic : : 
Kusnetzow (ring-shape bimetallic) . 


Instrument of 4° C. per min. with | under ordinary work- 
ordinary ventilation ing conditions 
Hergesell-Bosch Tube : ; 0:95° C 00°C 
Teisserenc De Bort New Bimetallic. 10 05 
x 4 Old 5) 2°5 0-7 
Bourdon Tube . ; : 2°5 _ 
3°8 14 
2°4 
2°2 


In continuation of the work of Hergesell and Maurer he examined 
(1) the small Bourdon tube thermograph of Teisserenc de Bort : German- 
silver tube slightly curved and filled with alcohol; (2) the bimetallic 
lamellar thermograph of Teisserenc de Bort: strips of brass and steel 
soldered together and bent into a circle; (3) the tube thermograph of 
Hergesell : German-silver tubes on supports of nickel-steel ; (4) the bi- 
metallic thermograph of Assmann: copper and nickel-steel; (5) the 
Kusnetzow bimetallic thermograph : brass and nickel-steel bent into an 
S curve. The first three had often been used simultaneously. 

He concluded that (1) and (2) were in good agreement, (3) generally 
marked 0°6 C. less than (2), and indicated lower amplitudes at sudden 
changes, though on the whole more sensitive than (2). 

He concluded that the mean error for the pressure records was +2 mm. 
and for the temperatures +2°C., so that the temperature gradients for 
1000 m. intervals are reliable to a few tenths of a degree C. 

A slight error is introduced into the bimetallic thermometer calibrations 
through change of zero by straining of the soldered joint. The Hergesell- 


' Weekly Weather Report, February 28-March 6, 1909, p. 76. 
* Beitr. z. Physik der Fr. Atmos. i. p. 163, 1906; Zeitschr. SF. Instrumentenk., 27, 
pp. 127, 128; April, 1907. 
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Bosch tube thermometer is free from this defect, but has other faults, 
pointed out by Schmidt and Gold, which prevent the possibility of its 
giving quite accurate results.' The possible calibration errors of the 
Dines instrument are somewhat larger, as the scale is microscopic, the 
calibration curves of the barograph are not linear, and the temperature 
correction is not a simple function. 

The average error found from independent calibrations is 0°1 C. for 
Continental instruments and 0°°8 C. for the Dines instrument at the lowest 
temperatures. For higher temperatures the possible error is of the same 
order of magnitude. The principal error in the temperature traces probably 
arises purely from faults of construction in the instrument, such as in- 
sufficient rigidity and sticking of the pens. The best way of eliminating 
these defects is probably to increase the rigidity by simplifying the con- 
struction and diminishing as far as possible the number of levers, joints, 
and bearings, so that the working parts operate as directly as possible on 
the recording pens. 

The heights indicated by the barometers have many times been com- 
pared with the heights calculated from trigonometrical observations, and 
the maximum heights have been found correct to +2 per cent. up to 
10km.? The intermediate heights show greater errors with some 
instruments, owing to lag. An example given by Teisserenc de Bort 
showed large differences *, e.g. :— 


7 ‘ | 
Ascent. 


| 
Height Difference kms. between Barometric Wee | 
and Trigonometric Heights | 
pone | 
Km. Km, Km. 
: —0°6 | 
8 0-4 —(°4 
Max. height 0.1 01 | 


This instrument was specially chosen to show the effect. 

The average error in pressure of the Continental instruments amounts 
to 5 mm. of mercury and that of the Dines instrument to8mm. The 
errors to which these give rise in the final results are as follows :— 


Heights, km. 5 10 15 20 | 
Difference corresponding to : Km. Km. Km. Km. | 
5 mms. 01 0-2 0-4 0°6 
0-2 03 05 1:0 


8 mms. | 
| 


The errors introduced in working up the traces are very small in 
Continental instruments owing to their large scale, and for the Dines 
instrument are of the same order as those occurring in the calibration. 
The principal error in the final results arises from the uncertainty of the 
temperature correction of the barometer. Teisserenc de Bort estimates 
the correction due to this cause to be 0:5 km. at 14 km., and 2 km. or 
even more at 20km. Hergesell, however, claims to have shown that 


1 Quart. Journ. Roy. Met. Soc., 1909, Met. Zeit., 1909. 


2 L. T. de Bort, and Etude de lV Atmosphére, Observatoire Constantin, Fascicule ii. 
p. 76. 


® Compt. rend., July 10, 1905, p. 153. 
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the correction is considerably larger, amounting for some instruments 
to as much as 5 or 6 km. at 25 km.' 

The indications of the thermometers are open to no such objections, and 
from the inter-comparison of different types of instruments it may be 
stated that the temperature 1s known to within +1° C. 

The indications of the hair hygrometer are considerably less accurate, 
as was shown by Kleinschmidt.” The instrument is quite unsatisfactory 


for work at high altitudes, and is unreliable at heights where the tem-— 


perature is below —5° C., 2.e., at heights greater than about 5 kms. 


IV.—(a) Mean Temperatures and Gradients of Temperature. 


The most important meteorological element of which observations 
can be made in the free atmosphere is temperature. Observations of 
pressure furnish practically the only means of estimating heights, and they 
cannot therefore be used to determine directly the distribution of pressure. 
The latter can only be determined indirectly by calculation from the 
observations of temperature and the pressure at the surface. Thus, 
while dynamical meteorology must necessarily be based on a knowledge 
of the pressure and density distributions, it rests ultimately on the distri- 
bution of temperature, and in a lesser degree on that of humidity, in the 
free atmosphere. The calculations are obviously laborious even when 
sufficient observations are obtained ; the difficulty and expense of obtain- 
ing the observations make the task appear almost hopeless. Thus no really 
serious attempt has been made to calculate from observational data the 
actual synchronous distribution of pressure in the upper atmosphere at 
5-10 km. altitude at times when the surface distribution 1s meteorologically 
most interesting. Our knowledge is confined practically to mean values. 

In order to avoid as far as possible negative quantities and to 
facilitate calculation and comparison, temperatures have been usually 
expressed in degrees C. above the absolute zero—273° C. on the ordinary 
scale. Atmospheric temperatures in temperate latitudes lie almost 
invariably between 200° and 300° on this scale, and the initial 2 may be 
generally omitted without risk of confusion. The letter A is used in 
connection with this scale; thus (2)73° Ais 0°C. Further, the vertical 
gradient of temperature is expressed in degrees C. per kilometre and is 
reckoned positive when temperature diminishes with increasing height. 

The most complete contribution hitherto made to the discussion of 
upper air observations is that of Von Bezold, Assmann, Berson, and Siiring * 
who dealt with the observations obtained from manned balloons. The 
following table gives the values they found for the gradient of temperature 
for each kilometre up to 9 km. :— 


Height . F ; 3 © SOS) 6 1=9 223) 4324 426) (5=6' 1 6-So THe sas km 
Gradient , F 5 ~ BON. SiO 2 16°4. . 6:3: — 642.169)... GB 7-2 
Number of Cases . : SIMOOM Oar, AD cea. LO heed 5 2 
Probable Hrrorin Gradient .ae—— 9 — Ie Oe) Oe 


In the surface layer the gradient is affected by inversions, 7.e., exceptional 
cases where the temperature increases with the height. Such cases occur 
most frequently in winter, and as the number of winter ascents in the 


) Ergeb, der Arb. am Aér. Obs. Lindenberg, 1906, p. iii. 
2 Beitr. z. Physik der F'r. Atmos., Bd. ii., Heft i. p. 99, 1906-1907. 
8 Wissenschaftliche Luftfahrten, Braunschweig 1899, 2 vols. 
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series was considerably less than that for other seasons, the actual mean 
annual gradient in the lower layer is less than that deduced from these 
results. The values of the gradient for the first two layers when cases 
of inversion are excluded are 6°4, 5:4, respectively. 

The following values have been deduced from the later manned balloon 
observations, 1901-07 :— 


Height . , . . O-L 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 km. 
Gradient . 3 , ool bl ors) oe, OO. Tp) Ore ot Ore 
Number of Cases . PDO. BO) 446" 40. 934" ©2210) 83 1 1 
Probable Errorin Gradient— — 02 02 02°02 04 06 — — 


The feature to which Berson drew particular attention was the com- 
parative constancy of the gradient up to a height of 4 km. and the very 
considerable increase in its value in the next layer. The more recent 
observations do not show the peculiarity so markedly and indicate a 
lower level for the discontinuity. Berson attributed the change to the 
fact that the upper limit of the lower clouds is nearly at 4 km. altitude, and 
near this height inversions are more frequent than in the layer above and 
below it. From actual observations in the clouds themselves he deduced 
that the gradient there agreed remarkably well with the theoretical gradient 
for saturated air rising adiabatically, which we may call g,. Just beneath 
the upper limit of the cloud an increase in the gradient was usually observed, 
and just above the upper limit the gradient vanished and the air imme- 
diately above the cloud was generally found to be warmer than that 
beneath its upper surface. It may be noted that the value of g, between 
5 and 7 km. is approximately 7° C. per km., agreeing closely with the value 
found for this region. The mean values for the gradient for each 500 m. 
up to 3,000 m., deduced from the monthly mean temperatures found from 


‘the kite and kite-balloon ascents made at Berlin and Lindenberg, 1903-07,! 


are as follows :— 


Height . 3 . 0-05 0°5-1°0 1:0-1°5 1°5-2°0 2°0-2°5 2°5-3°0 
Gradient . . ey oro 4°6 4-4 48 4:0 5-0 


These values differ considerably from the corresponding values for the 
manned balloon ascents. This may be due to the fact that the kite ascents 
are distributed throughout the year, and are made under a greater variety 
of weather conditions. The large surface value is to be attributed partly 
to the fact that most of the ascents are made between 8 and 10 a.m., and 
the temperature gradient to 500 m. at that time is above the mean 
temperature gradient for the day. 

. Gold? showed that the gradient up to 2 km. depended very considerably 
on the wind direction as well as on the time of the year. He found that 
inversions were most frequent in winter and with easterly winds ; that 
they occur very rarely indeed with N.W. winds, and then in summer, 
a season when they are not found with winds from other directions. 

Field * made kite ascents in India and over the Arabian Sea during the 
S.W. monsoon, and found a very rapid decrease of temperature up to 
300-400 m. At greater heights up to 3,000 m. the gradient was very close 
to that for saturated air rising adiabatically, 2.e., about 5° C. per km. 

Hann ‘ deduced from mountain observations that the mean tempera- 
ture gradient up to 3 km. is 5°7 to 5°8 per km. The earlier balloon 


1 Ergebnisse Aeronautischen Observatoriums, Berlin and Lindenberg. 
2 Barometric Gradient and Wind Force, M.O., No. 190. 
* Indian Met. Memoirs, vol. xx. part 7. 4 Lehrbuch der Meteorologie, p. 104. 
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ascents give for the mean value 5:1, the later 4:8, while the kite ascents © 
give 4:7. It is therefore to be expected that the mean temperature of the 
air in contact with a mountain 3,000 m. high will be 2° to 3° C. below that 
at the same height in the free atmosphere. The elevated parts of the 
earth’s surface exercise a cooling influence on the upper air, 7.e., the moun- 
tains are not cool because the upper air is cooled by adiabatic convection, 
but they are cool because of radiation to space. It follows from this 
that convection does actually raise the temperature of the atmosphere 
up to 3 km. altitude above what it otherwise would be, a fact poimted 
out from theoretical considerations by Gold.' 

The results of direct comparison of simultaneous observations are in 
agreement. Berson? found from a comparison of the temperature observed 
in balloons with that observed on the Brocken (1,140 m.) that the mountain 
was 0°'9 C. colder than the free atmosphere. 

Shaw and Dines* found from twenty-eight kite ascents made in 
July, August, 1902, that the temperature on Ben Nevis (1,343 m.) was in 
all cases lower than that in the free atmosphere at the same height over 
the sea to the west of the mountain, the mean difference being 2°°6 C. 
Additional evidence in support of their result was furnished by the fact 
that the height at which the kite reached the clouds was invariably 
greater than the height at which the clouds were observed over the 
neighbouring hills. They suggested that the difference might be due to 
the westerly stream of air rising to cross the mountains and producing an 
approximately adiabatic gradient of temperature. 

Schmauss ‘ has recently considered the simultaneous values observed 
on Zugspitze (2,965 m.) and recorded at the same height in balloon ascents 
from Munich, 90 km. distant. He found a mean difference of 1°6 C. 
between the synchronous temperatures, and 1°1 C. between the tem- 
perature recorded in the free atmosphere and the mean temperature of the 
day at Zugspitze. In both cases the free atmosphere had the higher 
temperature. Schmauss deduced also from a comparison of the tem- 
peratures on Zugspitze and Sonnblick that the latter was 0°-6 C. colder 
than the former at the same height, and consequently a mountain in the 
middle of a mountainous district is colder than one on the edge of such 
a district. This may be taken as further evidence that the atmosphere 
is cooled by the mountain. 

In dealing with the registering-balloon results, the mean temperatures 
at each kilometre for each month of the year have been formed for ten 
stations: Berlin, England (Pyrton Hill, Ditcham Park, and Manchester), 
Koutchino by Moscow, Munich, Paris, Pavlovsk (near St. Petersburg), 
Strassburg, Uccle, Vienna, Zurich. From these means the mean yearly 
temperature at each height has been calculated for individual stations, and 
the mean monthly temperature at each height for the stations taken 
collectively. 

The following table gives the mean gradient of temperature determined 
from the general mean values :— 


Height . ~ 7021 1-2 2-3 3-4 4-5 5-6 6-7 7-8 
Gradient . =9a'0 4:3 52 58 63 68 72 74 
Height . . 8-9 9-10 10-11 11-12 12-13 13-14 14-15 
Gradient . se 50 3:3 O7 -08 00 -01 


1 Proc. Roy. Soc., vol. 1xxxii., 1909, pp. 47, 67. 
2 Wissenschaftliche Luftfahrten. 3 Phil. Trans. A., vol. ccii. 
* Registrierballonfahrten, Miinchen, 1908. 
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The values agree on the whole with those obtained from kites and 
manned balloons, but they do not show the constancy of the gradient in 
the region 1-4 km. 

The maximum value occurs in the layer 7-8 km. and indicates that in 
that region the effect of radiation is to leave practically unchanged the 
natural gradient in air in adiabatic vertical motion. This result is in- 
teresting in connection with Gold’s! deduction that in the upper layers 
the absorption, being in excess of the radiation, tended to diminish the 
gradient by raising the temperature, while in the lower layers radiation, 
being in excess of absorption, tended to diminish the gradient by cooling. 
There must therefore be an intermediate height at which radiation and 
absorption exactly balance, and the results indicate that this is between 
7 and 8 km. in temperate latitudes. 

The values of the temperature at different heights deduced from the 
two series of manned-balloon ascents and by C. Abbe ? from Teisserenc de 
Bort’s registering-balloon ascents are given in the table :— 


| 


Height oft[ a} e)4] 5] 6] 7] 2 | ® |rom| 


. cae pe oes i 
First Series . | 83°4_ 734 73-4| 68:0| 62-7| 563| 49-4| 42-8) 35-6 266) — 
Second Series | 816 773) 72-2) 67-1| 61°3| 55-1, 48:2 40-7) 34:5 B08) 29-5 
Abbe . ./ 82 78 | 73 | 69 | 64 | 57 | 52 | 44 | 85 | 31 | 22 


The results agree sufficiently to prove that they represent with fair 
accuracy the temperature of the air. 

The following table gives the results for the ten stations, already 
enumerated, deduced from the registering-balloon ascents for 1904-08, 
or shorter periods where results for the full five years were not available. 
Stations from which the observations were obtained to the end of 1908 
are marked with anasterisk.? Observations for England 4 from November 
1907 up to May 1909 are included :— 


| | 

Station |Munich* pba Paris | Uccle* |Vienna*) er ne Zurich ee Mean 
Approxi- 100 . (40 | | 
mate 516 m./140 m. 4 |179 m.| 100m. | 190m. | 30m. | 140m. | 480m./:170 120m. 
Height (i50 | | 
Surface | 79:2 81-0 813 80:2 80°4 753 | ~=780 82°7 83°4 79'4 | 80°0 | 
1 78°6 778 78°4 77-2 768 71°9 75:3 79:0 78:3 CeL eges0! {| 
2 74:1 73°9 73°7 732 72:7 66°9 71°8 753 | «74:4 72°2 | 72:8 | 
3 68°6 68°5 69°0 67°38 67°5 615 6774 69°2 69°0 67°6 | 67°6 | 

4 62°4 62°6 63°6 618 615 56°3 613 632 | 62:8 62°0 | 61°83 
5 56°3 56°2 574 551 | 552 50°5 549 565 =| 566 55°38 | 555 | 
6 49°5 49°6 50°8 48°5 47-9 43°9 | 48°3 49°2 50°2 49°0 | 48:7 | 
7 42:7 42°4 43:7 4173 40°4 36°5 40°6 41°6 43°3 421 | 415 | 

8 35°4 35°0 36°2 33°9 | 324 29°4 32°6 33°38 | 37:2) | 347 | 341 

9 29'0 2871 29°2 26°8 25°7 23°3 2571 26°9 30°83 28°0 | 27:3 

10 23:9 22:8 23°8 20°9 21°4 20°9 19:0 22-4 254 22°7 | 22:3 

ll 19°8 | 18:2 199 + 175 | 180 21°0 17°3 16°9 21-2 197 | 19°0 
12 17°4 71 202. | Tee |) 1ST 205 | 181 16-0 21:2 17°5 | 18:3 | 
13 175 17-4 19°4 49 | «(2h 234 | 20°7 17°6 201 18°5 | 19°1 | 
14 178 177 20°4 16°3 20°5 222 | 20°65 18°U 18°5 18-9 | 19-1 | 
15 19°3 17:8 198 | 16:2 20°8 225 | 204 18°5 19°3 17-1 | 19-2 | 


The temperatures at all the stations except Pavlovsk agree very 
closely. Paris and England have values slightly but uniformly higher 


» Proc. Roy. Soc., vol. 1xxxii. pp. 67, 68. 

2 Monthly Weather Review, September 1899. 

% The observations for Berlin and Zurich up to December 1907 are used. Those 
for Paris, Pavlovsk, and Koutchino up to September 1907. 

* Pyrton Hill 150m. Ditcham 170m. Manchester 40m. Glossop 340 m. 
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than the other stations. At Pavlovsk the temperature is continually 
lower than at the other places up to 10 km., after which it is higher than 
for the others. If the values for Pavlovsk are taken to be representative 
of the conditions for lat. 60° and those for Strassburg for lat. 50°, the mean 
difference of pressure between the two parallels at a height of 10km. will 
be nearly 7 mm. if any difference in humidity is neglected. If allowance 
is made for the diminished density of the air at this height, it follows that 
such a difference of pressure would correspond to a steady W. wind of 
about 24 m.p.s. (metres persecond).' Above 10 km. the temperature over 
Pavlovsk is higher than in lower latitudes, so that the difference of pre- 
sure would diminish with further increase in height. It would indeed 
diminish more rapidly than the density, so that the wind also would 
diminish in intensity above a height of 10 km. and the mean wind velocity 
would have a maximum value at about this height. It may be noted 
that the effect of the diminished proportion of water vapour present in 
higher latitudes would be to accentuate the difference of pressure in the 
upper air. The increase must however be small, and could not exceed 
2 mm. even if the air over Pavlovsk were perfectly dry ; the actual value 
is probably only a fraction of a millimetre. 

The higher values found for Paris and in England indicate that there 
is a slight horizontal gradient of temperature from W. to E., and this will 
produce in the upper air a corresponding gradient of pressure also from 
W. to E. or from ocean to continent. 


IV. (6) Temperatures under Cyclonic and Anticyclonic Conditions. 


One of the most important questions which arise refers to the possible 
difference in the vertical gradient of temperature over cyclones and anti- 
cyclones. Hann ? deduced from mountain observations that the gradient 
was less for anticyclones than for cyclones, and the difference was so con- 
siderable that the mean temperature of the atmosphere up to 3°5km. was 
5° C. higher over anticyclonic regions than it was over cyclonic. Gre- 
nander * used the observations made in the free atmosphere at Hald and 
Berlin and found similar results both for winter and summer. The fol- 
lowing table gives the mean fall of temperature between the surface and 
5 km. for the different quadrants in winter and the mean values for summer 
taken from Grenander’s results :— 


| Winter | Summer 
Quadrant : a eee ——————_—_—_——__— 
| N E s W. Mean Mean 
= $ ° C) ° ° lie 
Anticyclonic 5 A 243 25-0 19°4 18:9 21:0 | 274C 
Cyclonic . : - 26°5 26°9 28°7 30°6 277 29:9 C 


The mean temperatures at different heights, calculated from Gre- 
nander’s results, are as follows :— 


‘ The corresponding wind between lat. 40°-50° deduced by using St. Louis 
observations is 15 m.p.s. 

2 Sits. Wiener Akad., 1891. 

8 Arkiv fir Matematik, &c., 1905. 
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Anticyclones. 
| Winter Summer 
N. E. s. W. Mean | Mean 
| Pea ead | act om bog |. og 
Surface about 60m. . | 787 T4:7 T44 76:3 76:2 | 89:5 
lkm, . : : 52 || eign 70:0 711 75:2 Ta Qe ee S24 
Dey. ee SIM OR TS MG 4g 68:4 72:7 702 1T3 
3) eae : : : 663 604 65:3 68°8 66:2 Vipkey | 
‘2 See A ‘ efor ie Ipeane. 7) 60°5 63°6 61:3 | 68:4 | 
i A : . | 544 49:7 55:0 574 | 55:2 | 62-1 
Cyclones. 
Surface ; a Se ees) 175 798 78:8 77-0 88°7 
1lkm.. c og Geel, 74:2 74:2 72:4 72:2 81:7 
2) a 5 | FO7 68°4 68°8 66°4 67:1 75-2 
3) ee p F sigller CXR. 63:2 63:1 58:9 616 69-7 
Biro - : ‘ | 59-4 57:1 575 | 525 | 55-4 64-7 | 
bs | 53-4 50°6 511 48:2 49°3 588 | 


These results indicate that on the average the cyclones are colder 
than the anticyclones both in winter and in summer, the principal 
difference of temperature being found in the W. quadrant, while in the 
K. quadrant in winter cyclones are actually warmer than anticyclones. 
This is due partly to the fact that the cyclones have their lowest mean 
temperature in this quadrant and partly to the fact that on the whole 
anticyclones have their highest mean temperature in the same quadrant. 

The N. quadrant of the cyclone is throughout very considerably 
warmer than the E. quadrant of the anticyclone, indicating that the 
direction of the gradient between these two regions would be reversed at 
moderate heights. For example, if the surface pressures were 750, 760 
mm., the pressures over the two regions at 5 km. would be the same, 
396 mm. nearly. 

Berson deduced from the manned-balloon ascents the following 


values for the height of the 0° C. isotherm for different pressure distribu- 
tions :— 


Front of - Back of Front of Back of 
Anticyclone Anticyclone Anticyclone Cyclone Cyclone 
Height . ; 2850 2800 1580 2390 1120 m. 


If ‘front’ and ‘back’ be taken to be the same as E. and W. the 
results agree with those of Grenander for cyclones, although the difference 
is considerably greater. But for anticyclones the difference between 
“front ’ and ‘ back’ is exactly the reverse of Grenander’s results, and 
is much more accentuated. Grenander’s results, however, refer to the 
winter, and the majority of the manned-balloon ascents were made in 
summer. 

Hanzlik,' using chiefly mountain observations, has arrived at the 
interesting conclusion that in the layers up to 3 km. at least, anticyclones 
in Europe are of two kinds. Some are warmer and others colder than 
the normal. 

A warm anticyclone is either the later development of an anticyclone, 


' Denkschrift, Wien, 1908. 
1909. H 
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previously cold, which has become stationary with rising pressure in the 
centre, or it arrives in the European area as a warm anticyclone with 
slow indefinite translatory motion of the centre. 

The cold anticyclone, on the other hand, remains cold if it moves 
quickly, but if it remains stationary for some time it gradually changes 
into a warm anticyclone. 

Von Bezold deduced from the Berlin manned-balloon ascents that 
even up to 8 km. anticyclones were warmer than cyclones. The following 
table gives the values of the gradient for the different layers :— 


Height in kilometres 


(aib | eee |p 3-4 4-5 | 5-6 6-7 7-8 


Anticyclonic . Bo) AD: | Sag | Oe ab Oe) Be ee ee 
Cyclonic eae bey | 55 | 57 | 53 | 65 | 67 | 64 | 62 
Intermediate . 5-6 } B74) 89 [695] Sp eae 


Thus the temperature falls by 4°°2 C. less in anticyclones than in 
cyclones in the first 5 km., after which the difference diminishes, but is 
still 2°°5 C. at 8 km. 

The results from registering balloons have been taken for those cases 
in which the pressure, reduced to sea-level, exceeded 770 mm. and for 
those in which it was less than 750 mm. in order to obtain quite distinct 
distributions. 

The following table gives the mean gradients for different layers up 
to 14 km. and the mean temperatures at the various heights :— 


Gradients Temperatures 
| Height Pressure No.of | Pressure No. of Pressure | Pressure 
| <750 | Cases | >770 Cases <750 | >770 
0 aE i) ea rae ea Ce | 760 
1 39 1) ly 2045 SE.) By 2) Pies oe aagers 
2 55 ES a ba)! 678 | 73-9 
3 5:6 Pie ao | BY : 622 | 69 4 
tee 6-4 1 ebb: CN CGR 558 63°8 
eras 6-45 15 64 51 493 | 57:3 
6 6-45 15 68) iano | 42:9 | 506 
od 7:25 15 ey i tal | 35°6 43-5 
8 635 | 16 78 Bi neh 298 35°7 
9 4:3 15 74 50. | 25-0 28°3 
10 Ay he PEP a 65 48 | 92°3 | 21:7 
11 11 Wee em ele | 5:6 46 | 20-9 161 
12 =O)(00 ei he ue TT 3-4 43 | 210 ~=«+| 12-7 | 
13 =O 9 1:0 35 Jeshed heie Lda % 
14 == (072 | 8 = 0:7, 29 212 12-4 


If a correction is applied to the temperature owing to the irregular 
distribution of the ascents throughout the year and to the fact that four 
of the low-pressure cases are for Pavlovsk, which hasa mean surface tem- 
perature about 5° C. below that of the other places, the surface tempera- 
tures for the low and high pressures become 818 and 78:4 respectively. 

If we apply corrections to the gradient also, to allow for the unequal 


————— 
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distribution and for the undue influence of Pavlovsk, we obtain, as cor- 
vected values for the gradients in the two cases, the following values :— 


Pressure | Pressure | | | 
| <750 >770 “ey: punto eg 9 Se ee len Eaaliy 
0 | 81°8 78°4 80°1 | 80:0 
5'1 06 
1 16-7 DUS, it 77:0 771 
65 Bia | | 
2 | 70°2 74:1 [27 72:8 
5'6 4°8 
3 64:6 69°3 67°5 67:6 
(oem (ees 
4 i. | 58:2 63°5 61:7 61°8 
| 6:3 6:4 
oie | 51:9 571 55:4 55° 
| 64 67 
6 45°5 50°4 48°6 48°7 
70 72 
7 | 38°5 43-2 41-4 41-5 
6°6 76 } 
8 31:9 35°6 34:0 34-1 
4:5 74 
9 | 27°4 28°2 27-2 27°3 
3-4 | 5-9 
10 | 24:0 22:3 22:2 22°3 
17 | 48 
11 | 22:3 17-5 19:0 19-0 
o1"} 2:8 
12 22:2 14:7 18:7 18°3 
| —1-2 1-0 
iB} 23-4 13:7 19°7 19°1 
| 0°3 —0°5 
14 | | 23-1 14-2 19°6 191 


The column T, gives the corrected mean temperature for pressure 
<750, T, that for pressure> 770, T; is the approximate mean tempera- 
ture of the intermediate regions deduced from T,, T,, and the general mean 
T,, on the assumption that the influence of T,, T, in forming the general 
mean is approximately proportional to the number of observations. The 
result is interesting as showing that anticyclonic regions are not only 
warmer than regions of low pressure, but also warmer, up to 10 km., than 
the intermediate regions, which appear to be colder at 9-10 km. than 
regions of high or low pressure. 

If, in the centre of an anticyclone, 6 is the excess of pressure at any 
height above the normal pressure B for that height, and p is the density 
there, the value of the ratio b/pd may be taken as a measure of the intensity 
of the anticyclone, where d is the mean distance of the isobar B from the 
centre of the anticyclone. Now as long as the temperature near the centre 
of an anticyclone remains higher than that in surrounding regions, 
the value of b/pd increases with increasing height, and consequently the 
anticyclone increases in intensity. If 6,, d,, are corresponding quantities 
for a cyclone, b,/pd, increases with increasing height so long as the cyclone 
is colder than its surroundings. The values found above indicate that 
this is the case up to 8-10 km. Even at 14 km. the pressure over the 
anticyclonic region exceeds that over the cyclonic by more than 1 mm., 
which is as efficient in producing motion as a difference of 7 mm. at the 
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surface. The difficulty that arises is to discover a means by which air 
can be brought into the anticyclone and out of the cyclone in the upper 
air, and to make these results accord with the results of cirrus observations, 
which imply a definite outward motion over cyclonic regions and an inward 
motion over anticyclonic. At the same time it must be remembered that 
the cirrus observations do not imply that the anticyclone becomes a 
cyclone at the cirrus level or conversely ; the direction of rotation is the 
same for the cirrus as at the surface according to Hildebrandsson’s 
results, and this can be the case only if the direction of the gradient of 
pressure remains the same. 

The results imply that the motion has a component across the isobars 
from the lower to the higher pressure. The difficulty of explaining this 
result was felt by earlier writers. Hann! expressed the opinion that the 
outward motion in cyclones was due to the centrifugal force of the motion 
exceeding the gradient. Although it is difficult to see how the necessary 
wind would be produced to bring about this state of affairs, it is at least 
a possible condition. If cyclones decreased in intensity with increasing 
height, and the air rising from the lower levels retained its angular 
momentum, it would indeed furnish a reasonable explanation. 

The case of anticyclones is more difficult because the effect of centri- 
fugal force is to assist the gradient of pressure in producing flow outwards. 
Gold? showed that in anticyclones there is a limit to the gradient and 
velocity for the motion to be steady and along the isobars. The approxi- 
mate radii of isobars at the earth’s surface differing from the pressure at 
the centre by 1, 2, 3, 4, 5 mm., are 260, 370, 450, 520, 580 km. for this 
limiting case. If the gradients are less than these, there will be a steady 
motion with correspondingly small velocities. If the gradients are greater 
than these, the motion cannot under any circumstances be steady, and 
there will always be an outward component in the wind, because the 
centrifugal force due to the increased velocity will more than counter- 
balance the increase in the force arising from the earth’s rotation. The 
only possible case where there can be flow from low to high pressure for 
anticyclonic motion is when air enters a region where the gradients are 
less than the limiting gradients, with a velocity also less than that corre- 
sponding to the limiting gradient, but greater than that corresponding to 
steady motion for the actual gradient in the region. In that case the 
effect of the earth’s rotation would be to make the air flow inward towards 
the centre. It seems improbable, however, that such a state could persist 
for any time, because the results of observation show that the wind usually 
adjusts jtself to the gradient, provided it is at a sufficient height above the 
earth’s surface to be practically free from the effects of surface friction and 
irregularities. 

It seems more probable either (1) that anticyclones and cyclones 
arriving in the European area are in general dissipating systems, which 
are replaced continually by other systems arriving from what may be 
called productive regions, or (2) that there is interchange with regions in 
which the surface temperature or the temperature gradient is sufficiently 
different to produce mean temperatures greater in low-pressure areas and 
less in high-pressure areas than are found over Europe. 

. The results of observations of pilot balloons at Ditcham,* July 27-30, 
1908, and at Munich,‘ during thesame period, and September 30 to October 2, 


' Lelrbuch, p. 406. © 
2? Barometric Gradient and Wind Force, M.O. No. 190. 
® Quart. Journ. Roy. Met. Soc., 1908. 4 Registrierballonfahrten. 
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1908, indicated that even to heights greater than 10 km. the wind had a 
component directed outwards from the region of high pressure, or was 
parallel to the general direction of the surface isobars and in the sense of 
the gradient wind at the surface. On January 3, 1908, on the other hand, 
the direction of the wind over Munich changed after 3-4 km., and the flow 
above this height up to 8 km. was directed inward towards the region of 
the surface high pressure. The English ascents indicate that the relative 
coldness of cyclones ceases at a lower altitude there than over the continent, 
and this tends to support the idea that the energy of the cyclonic motion 
is used up in extending the cyclone to greater heights and is gradually 
converted into the potential’energy of the anticyclone. Finality can be 
reached only by an examination of individual cases in which the observa- 
tions are extensive enough to furnish a good representation of the distribu- 
tion of pressure and wind at great heights. 

The results so far obtained show the need that exists for a series of 
ascents in the middle of the great Atlantic low-pressure system simul- 
taneously with ascents in Europe and America. The general drift of 
registering balloons is from high to low pressures, although there are excep- 
tions which are possibly due to the balloon entering at high altitudes a 
westerly current, which is caused by the general temperature and pressure 
distribution over the earth and may at times remain unaffected by shallow 
disturbances near the surface. The greater relative humidity over cyclones 
would tend to diminish the intensity in the upper air, but it is quite in- 
sufficient to bring about a reversal of the gradient between high and low 
pressure areas. 

For the surface layers Gold ' showed (1) that near the centre of cyclones 
the gradient of temperature up to 2 km. coincided very nearly with the 
adiabatic gradient for saturated air; (2) that in winter the gradient in 
the central region of anticyclones up to 3 km. was quite irregular, tem- 
or increasing and decreasing in different layers in different ascents, 

ut, on the whole, varying little from the surface value ; (3) that in summer 
the gradient in the central regions of anticyclones was regular in the first 
kilometre and nearly equal to the adiabatic gradient for dry air, but that 
above this level the fall of temperature was frequently arrested, showing 
that the vertical circulation was purely a surface phenomenon and was not 
connected in any way with a general descending current of air. This 
shows that the air up to a height of 3 km. in anticyclones is practically 
an inert mass taking little part in the general circulation. The result 
may be compared with the deduction arrived at by Shaw and Lempfert ” 
from a consideration of the air currents at the surface. They say, ‘ We 
have failed to identify the central areas of well marked deihoytones as 
regions of origin of surface air currents. . . . These latter are for the most 
part inert and comparatively isolated masses of air, taking little part in 
the circulation which goes on around them.’ ... ‘ The areas of descending 
air seem to be (a) the shoulders or protuberances of anticyclones, in par- 
ticular the regions of comparatively high pressure between two consecutive 


cyclonic depressions, and therefore also between two anticyclones or (0) the 


extension of an anticyclone between a depression and its secondary.’ If 
there is descending air in the upper atmosphere over an anticyclone (as 
indeed there must be if it maintains or increases its intensity) this air will 
not be considerably affected by radiation between 5 and 10 km., and the 


! Barometric Gradient and Wind Force, M.O. No. 190. 
2 Life History of Surface Air Currents, M.O. 174, p. 24. 
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temperature gradient will remain nearly adiabatic, and will therefore 
allow a constant flow downwards. But when the air enters the region 
between the surface and 5 km. it will begin to be cooled by radiation, and 
the cooling will increase with approach te the surface, although in the 
surface layers themselves convection may reverse the process. Such 
cooling would be an effective bar to further direct downward convection 
and would allow only a gradual oblique convection by which the descending 
air would be transferred to the earth’s surface, being cooled sufficiently by 
radiation in its progress to enable the convection to take place. 


IV. (c) The Advective and Convective Regions. 


Perhaps the most remarkable phenomenon revealed by the investiga- 
tion of the upper air with balloons carrying self-recording instruments 
is the comparatively sudden cessation of the fall of temperature at a 
height varying with the time and the latitude. Above this height, which 
may be regarded as the height of an irregular but roughly horizontal surface 
dividing the atmosphere into two regions, the temperature at any time 
varies very little in a vertical direction, showing on the average a slight 
tendency to increase. This comparative absence of regular vertical 
variation of temperature in the upper region led to the name ‘ isothermal 
layer or region ’ to distinguish it from the lower atmosphere, in which the 
vertical variation of temperature is about 6° C. per 1,000 m. The first 
indication of a considerable falling off in the gradient appears to be con- 
tained in a paper by M. Pomortzeff' referred to by Berson in the dis- 
cussion of the Berlin results. Pomortzefi tried to explain on theoretical 
grounds the diminution he found. ; 

The actual cessation of the fall of temperature was first noticed by 
M. L. Teisserenc de Bort * in June 1899, and again in March 1902. It was 
also discussed shortly afterwards by Assmann.®* 

Teisserenc de Bort found the average height at which the change 
occurred to be about 11 km. He discovered also that the height was 
greater near centres of high pressure than near centres of low pressure, the 
average heights for the two cases being 12°5 and 10 km. respectively. 
Later observations agree on the whole with these results. 

It may be asked if this is due to the slope of the isobaric surface, which 
would be lower over a cyclone than over an anticyclone. This is not the 
case. The difference of pressure over the two regions at a height of 10 km. 
does not amount to more than 10 mm., while the difference of pressure 
between 10 and 12 km. is 50 mm. 

This excludes the hypothesis that the air in the upper region is an 
inert isothermal mass consisting always of the same air, lifted up and down 
by the disturbances in the lower part of the atmosphere. There must be 
interchange of air in the upper region itself or between the two regions. 

The absence of vertical temperature fall implies that general direct 
convection in the upper region is also absent, but the occurrence of irregu- 


\ Wozduchoplanawiji i Izsledonaniji Atmosfery, vol. iii. 1897. 

The results obtained by Hermite and Besancon in March 1893 showed a tem- 
perature of 21° C. just below 16 km., but the balloon floated for some hours at that 
height, and in no sense can they be said to have anticipated Teisserenc de Bort’s 
discovery. C.R. cxvi. p. 767. 

* Séances, 1899, &c., Annuaire de la Société Météorologique, 1902. 

° Ergebnisse Aéronautischen Obs., Berlin, May 1902; Berl. Ber., 1902. 

* But see Shaw’s deduction, infra, p. 108. 
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larities in occasional ascents indicates that there is in places limited con- 
vection, and the considerable inversion of temperature frequently found at 
the dividing surface suggests that there may be oblique convection similar 
to that for anticyclones in the lower atmosphere. Any fall of temperature 
arising from such convection would tend to disappear owing to the effect 
of radiation. In general, however, interchange of air in the upper region 
would be mainly by advection and the two regions might be appropriately 
named advective and convective regions,’ expressing the characteristic 
difference between them. 

The height of the dividing surface will be denoted by H,, and the 
temperature at this height by T.. 

Although H, varies with the latitude, the observations available are 
insufficient to enable an accurate expression for the relation to be obtained. 
Teisserenc de Bort? found from simultaneous ascents at Trappes and at 
Kiruna on the Arctic circle that the value of H, was practically the same 
for the two places, but the value of T, was slightly lower for Kiruna. 

Towards the equator, on the other hand, the value of H, is considerably 
greater than for temperate latitudes. Rotch and Teisserenc de Bort failed 
to reach it over the Atlantic with balloons reaching 15 km. It has been 
reached, according to Assmann,*® by a German expedition which sent up 
balloons from a steamer on Lake Victoria Nyanza in 1908. Two of these 
reached heights of 17 and 19°8 km., and both entered an isothermal region, 
the temperature in which was lower than that found in temperate latitudes. 
The lowest temperature was — 84° C. or 189° A. 

The following table gives the mean values of H, and T, for certain 
places determined from the monthly mean values. The thirteen stations 
are those enumerated above and Guadaljara, Milan and Pavia, and 
Hamburg :— 


= 


Mean of 


(ot © E : : | 

13Stations onion England st Paris | noes | as Milan | Vienna | Berlin | 

| 

H. 106 | 109 | 108 | 108 | 104 |. 96 | 106 | 107 | 102 | 107 | 

ies). |, 16° 16> .|. 18° | 15° «| 18° |. ag0 | wae | aze | 45° | qe° | 
No.of Cases} 336 53 32 67 57 28 | 18 25 | a4 | 32 
Latitude .|  — 4g? | 52° | 49° | 49° | Goo | see | 45° | 48° | 52° 


There is very little variation for places in Europe between lat. 45-55°: 
the more Continental stations give a slightly lower value for T, than the 
others. For Pavlovsk the value of H, is 1 km. below the average for the 
other stations and the value of T, is 2° above the average value. 

The results indicate that there must be a comparatively rapid increase 
in H, in crossing the limit of the trade-wind region, and it appears probable 
that the equatorial currents and the trade winds form a closed system 
without very much interchange of air with higher latitudes. 

Schmauss‘ has pointed out that the value of H, is greater in summer 
than in winter.> The following table shows the annual variation in H,, T, 


' The upper region has been usually described as ‘ the isothermal layer.’ Recently 
T. de Bort has introduced the terms ‘stratosphere,’ ‘troposphere,’ to denote the 
upper and lower regions. 

2 Compt. rend., 145, 1907; Met. Zeit., 1907. 

8 Quart. Journ. Royal Met. Soc., 1909. 

+ Registrierballonfahrten, Miinchen, 1908. 

> Rotch states that in America the conditions are reversed, and the minimum 
value of H. occurs in the summer. This is probably due to the inclusion of the 
large values he found in October in the winter series. Met. Zeit., January 1909. 
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deduced from the results for the thirteen stations and for Strassburg and 
Munich separately :-— 


Annual Variation in H.. 


aa | Jan. | Feb. | Mar. | April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec 
Mean of 13 Stations | 103 -10°4 91 101 | 105 | 10°77 | 10°99 | 11°4| 10-4] 11:9) 10°8 | 10-1 
Number of Cases .| 26 | 22 32 a9! "| “81 27 24 61 46 38 25 25 
Munich . = -| 10°0 | 10°4 OF | Bed) LD | ar) | DEAF 120! 1053) Less 118 | 114 
Number of Cases . 4 | 3 6 4 | 2 4 3 11 5 een ae 5 
Strassburg . .| 10° | 10°6 94 94 / 106 | 10:9 | 10:8) 12:3) 10:9] 11°9 |} 11:0] 111 
Number of Cases . 5 | 5 BW le & 5 4 9 | 8 6 | 6 5 
| 
Annual Variation in T.. 
den eed SL ——— — 4 eS ae 
| ——- Jan. | Feb. | Mar. | April| May June | July | Aug. | Sept. | Oct. | Noy. | Dec. | 
Mean of 13Stations| 13 | 11 | 16 | 16 | 17 | 20 | 20 | 18 | 92 | 14 | 45 14 
Munich . 5 | 14 10°") 46 19 25 20 15 16 26 9 10 13 
Strassburg . Salt eh 10 | 16 20 17 17 21 15 | 23 13 12 10 | 


The values of H, are plotted in Fig. 1. 

The observations are made at the beginning of each month, and the 
results may be taken to correspond nearly to the 4th of each month. The 
observations made at the end of July are counted in August, so that the 
values for August correspond nearly to the last day in July. The most 
remarkable feature is the depression in the value of H, i March and 
September. 

The fact that H, is greatest in October and T, is greatest in September 
effectually refutes the hypothesis that the cessation in the fall of tem- 
perature is due to any effect either of solar or of terrestrial radiation on 
the instruments. 

The value of T, is certainly slightly greater during the summer months, 
but the difference between the mean value for summer and winter is only 
6° C. This difference is less than the difference in the mean temperature 
of the atmosphere up to 10 km. for the corresponding period, and it may 
well be a real increase in the temperature of the advective region owing to 
increased radiation from below. 

It has been suggested that the cause of the sudden change in the 
temperature gradient, which would naturally be expected to diminish 
gradually, is the formation of a veil of Ci. or Ci. S. If this were the case 
the annual variation in the height of these clouds ought to show the same 
peculiarities as the annual variation in H,. The annual variation in the 
height of Ci., Ci. S., Ci. Cu. is given in Fig. 1. The observations used 
are those for the international year 1896-97. The curves do not show 
the very marked minima in March and September which occur in the 
H, diagram, but there are indications of a peculiarity of this kind, more 
pronounced in the Ci. 8. and Ci. Cu. curves than in that for Ci. proper. The 
annual range is about the same as for H,, 2°5 km. nearly. The actual 
values of the heights are, however, much less than those of H,. Thus, 
while the results point to some common cause for the variation in H, 
and in the height of the clouds, they indicate that the formation of clouds 
is not a usual cause of the sudden fall and change of sign in the temperature 
gradient. 

One of the most remarkable features is the large variation sometimes 
found in T, and H, from one day to the next. This has been most marked 
in England, and the general agreement in results from different stations 
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proves that it cannot be attributed to instrumental errors. For example, 
on April 1, 2, 3, 1908, the values of H,, T. v ere 


H Te 
Aprill . : : : : 10°5 15° Manchester 
oe ae : , : : 12 by Pyrton Hill 
eRES Aca 4 , : 3 7 24° Manchester 


The result is not surprising, since the English stations are subject to 
more frequent and rapid changes in the pressure distribution than the 
Continental stations. But it is nevertheless difficult to see how changes 
in the convective region can affect T, and the mean temperature found in 
the advective region.! 

The fact that the lowest temperatures occur over the equatorial region 
suggests that the general nature of the process may be as follows: The 
cool air in the upper equatorial regions moves Polewards, and in the 
natural course descends again to feed the trade winds. Owing to the 
irregularities of the earth’s surface, the change of seasons and the very 
considerable difference between the North and South Hemispheres, the 
regular process will be disturbed and even in general will not be sym- 
metrical. This will result in encroachments of the equatorial cold air on 
the advective region of temperate latitudes, and such encroachments will 
produce anticyclonic regions. The advective atmosphere would be reached 
there at a higher level and initially at a lower temperature than in the 
normal or average state ; but the temperature would be gradually raised 
by absorption of thermal radiation to the normal value for that latitude. 

The fact that H, has minimum values in March and September when 
equatorial temperatures are highest appears at first to be contrary to the 
idea. But the first effect of the increased equatorial temperature will be 
to increase the strength of the trade winds,’ and as at the same time 
there is in progress a transference of air across the equator to the Southern 
hemisphere, a transference which can be made only through the upper 
return current, there will be a deficiency of descending air and the equa- 
torial cold air will encroach less than usual on the Northern advective 
region. Naturally, if the earth were symmetrical, it would be expected 
that the process in September would be the reverse of this. But the 
autumnal transference of air to the Northern Hemisphere will be initially 
much more intense towards the great Asiatic continental region and, in a 
less degree, to North America, than to the Atlantic and European area, 
and the result may well be that the equatorial current again encroaches 
less than usual on that region. If such is the case it may be expected that 
the value of H, over the Asiatic area will not show the September 
minimum, and that if it occurs over America it will at least be less marked 
than over Europe. The high value of H, in October indicates that in 
that month the encroachment has become more general. 

The results of observations made with pilot balloons to heights greater 
than H, point to a decrease in wind velocity on entering the advective 
region. 


1 See, however, Shaw, Perturbations of the Stratosphere ; The Free Atmosphere in 
the Region of the British Isles, M.O., 202. 

? Over the Atlantic the N.E. trade wind is strongest in April, but has a secondary 
maximum in February. It is weakest in September. The S8.E. trade wind is 
strongest in February, and has a secondary maximum in April. It is lightest in 
May, and has a secondary minimum in September, See Hepworth, Brit. Assoc. 
Reports, Dublin, 1908, p. 625. 
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The following table illustrates this :— 


Layer in | Decrease Velocity in 
Date Place [PtP ETc which Wind | in Advective 
| Decreased | Velocity Region 
| km. km. | m.p.8 | m.p.s. 
July 28,1908 | Ditcham 12 11 —13 18 i 
July 29, ,, | $ ; 13(?) 12 - 13 9 13 
July 31, ,, a | 12°5(?) 11 —13 | 6 27 
Heby 6, >,, | Munich | 12 11 -13 | 15 18 
July 2, ,, > | 11°6 12 — 16 10 7 
Ghee sis) || b | 13:2 11-6147 | 8 8 


On July 31 and September 30, 1908, the velocity was observed up to 
12°9 and 13°6 km. respectively, and showed no falling off, but a steady 
increase. The values of H, were 13°2 and 13°6 km. There is little doubt 
therefore that the falling off in velocity is associated closely with the 
advective region. 

On July 28 the maximum wind at Ditcham was 24 m.p.s. from N.N.W., 
and at Munich on the same day the wind at 12 km. was 21 m.p.s. from 
N. by W., indicating that the current extended right across the intervening 
region, just beneath the advective region. 

The attempts to furnish a reasonable explanation of the phenomenon 
on theoretical grounds led to various suggestions. Trabert' showed that 
if there were a decrease of temperature in a horizontal direction in passing 
eastwards over Europe, and if the air moving eastwards also had a small 
ascending motion, then the adiabatic fall of temperature would not exist 
in a vertical direction. It appears probable, however, that the causes 
which produced a horizontal decrease of temperature in one layer would 
also produce a similar decrease in the layer above it, and in that case 
Trabert’s effect would vanish. 

Fenyi’? considered the question of the absorption of solar radiation 
in the upper atmosphere. He concluded that, if the phenomenon were 
due to this, there must be absorption of dark radiation, since the ultra- 
violet radiation would be insufficient even if it were all absorbed. 

Humphreys * pointed out that if the effective radiating power of the 
earth and atmosphere were the same as that of a black body at tempera- 
ture T,, the effect on any radiating and absorbing matter near enough to 
the earth for the radiating surface to be regarded as an infinite plane 
would be to keep the matter at a constant temperature such that the 
radiation from it would be half the radiation from it at temperature T,. 
If the radiating matter were such as to admit of the application of Stefan’s 
law, its temperature would be T, where T! = 3T,'. 

The observed value of T agrees with the value deduced from this 
equation by giving T, the value estimated by Abbott and Fowle‘ from 
the value of the solar constant, regard being paid to the proportion of the 
incident solar radiation which is reflected and does not affect the tempera- 
ture of the earth. 

Gold ® developed a theory based on the experimental results for 


_ atmospheric absorption obtained by Paschen and others. His argument 


' Met. Zeit., 1907. 2 Thid., 1907. 
8 Astrophysical Journ., 1909. 

* Annals of Observatory of Smithsonian Institution, vol. ii. 

° Proc. Roy. Soc. A., vol. 1xxxii. 
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rests on the principle that a necessary condition for convection is that 
in the upper part of the convective system the radiation from any hori- 
zontal layer must exceed the absorption by it. He takes the temperature 
in the convective region to be given with sufficient approximation by the 
equation T’= kp where n=4 and p is pressure: and represents the 
radiating power of the atmosphere by a/ (q—p), where a and q are constants, 
in order to allow for the diminution with height arising from the decrease 
in the amount of water vapour present.! He finds that for an atmosphere 
of uniform constitution the adiabatic state cannot exist to a height greater 
than that for which p=3p, where 7, is the surface pressure, because if it 
extends at any time to a greater height the absorption in the upper part 
will exceed the radiation. He shows that for the actual atmosphere the 
adiabatic state can exist to a limited height only, and that if the atmosphere 
consist of an adiabatic and an isothermal region the adiabatic state must 
extend to a height greater than 5°5 km., and cannot in general extend to 
a height greater than 10°5 km. He shows also that the radiation from 
the lower half of the convective region exceeds the absorption by it, and 
deduces that its temperature must be maintained by convection from 
the earth’s surface and by condensation of water vapour. It follows also 
from the theory that if in the upper region the temperature increases with 
the height the conditions for thermal equilibrium are satisfied if the 
convective atmosphere extends to a height greater than that for the 
case of an isothermal upper region—2.e., the limits for H. are greater than 
5°5 and 10°5 km. 

Shaw? has recently considered the connection between a depression 
of the lower surface of the advective region and the temperature distribu- 
tion in that region. He finds that if such a depression is produced artifici- 
ally or through a disturbance in the convective region, the first effect will 
be to produce a horizontal difference of temperature in the advective 
region. If the advective region is initially isothermal it will still be 


1 It has been suggested that the upper limit of the convective region may be 
also the upper limit of the water vapour atmosphere. But it appears certain that 
at this upper limit the atmosphere must always be saturated with water (ice) 
vapour, and that in the advective region the water vapour atmosphere will be such 
that the difference of vapour ‘pressure between two points will be equal to the 
weight of the vapour in the intervening column. For the processes of diffusion and 
of convection of water vapour alone would tend to produce a water vapour 
atmosphere, in which the amount of vapour present at any height in the convective 
region would be more than sufficient to produce saturation at that height for the 
temperature in the actual atmosphere. The only process which prevents the 
atmosphere being saturated at all heights is the descent of air carrying with it the 
water vapour it contained at the beginning of the descent, an amount insufficient to 
saturate it at lower levels. But at the upper limit of the convective region there 
can be no considerable descent of air from above, and the air arriving there from 
below will necessarily be saturated, since it must contain sufficient water vapour to 
saturate it at the lowest temperature to which it has been exposed, ze. Te, Of 
course the actual amount of water vapour present is small compared with the 
amount present near the earth’s surface; but a small amount of water vapour is 
sufficient, at ordinary temperatures at least, to produce considerable absorption of 
terrestrial radiation, and the absorption extends through a large part of the 
spectrum of radiation at terrestrial temperatures. In fact, it is probably chiefly due 
to the presence of this water vapour that it is possible to obtain theoretical results 
agreeing with the observed facts by using the assumption that the absorption, and 
therefore also the radiation, is sufficiently extensive to warrant the application of 
Stefan’s law. It follows, also, from this reasoning, that the mean amount of vapour 
present at any height above the lower cloud level will be at least half the sum of 
the amount for saturation at that height, and the amount necessary for saturation 
at the height Hg, 

2 Perturbations of the Stratosphere, M.O., 202. 
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vertically isothermal, but the temperature of the vertical columns will not 
e the same for all. Over the depression the temperature will be raised. 
He finds that the value of H, is diminished by 3°5 times the difference of 
height of the ‘ homogeneous’ stratosphere at the normal and increased 
temperatures. If the increase of temperature is 20° C., the decrease in 
AH, is about 2 km. 


IV. (d) Annual Variation of Temperature. 


A question of some interest is the magnitude of the yearly variation of 
temperature at different heights. Berson! concluded from the results of 
the manned balloon ascents that the absolute range showed practically 
no diminution up to 5 km., and that above that height, although there was 
a tendency to decrease, the ascents were not numerous enough to warrant 
definite conclusions. He gives the following values for the range, taken 
as the difference between the extreme temperatures observed :— 


Height | Surface Mee acs <8 4 5 6 7 | 8km. 


j Range 


[e} [e) ° ie) ° oO ° i} ° | 
(31-6) | 29-7 30-4) 31:8] 3282] 31-0] 273] 350 litsc.| 
| No. of Cases . 4 | 


— 56 50 40 32 20 11 5 


___ Teisserenc de Bort” deduced from his observations with ballons-sondes 
‘in 1898-1900 that the range decreased considerably with the height. 
Taking as the range the difference between the extreme values of the 
monthly mean temperatures he found the following results :— 


Height Surface 5 kn. 10 km. 
5 16°9 14°°6 LLSFOEC. 


The following table gives the range in degrees C., taken from the 
monthly mean temperatures, for ten stations, up to a height of 15 km. 
Column M gives the number of months in the year in which observations 
were obtained. The values for the ten stations together are the ranges 
of the mean temperatures and not the mean of the ranges for different 
stations :— 


Range 


Annual Range from Monthly Means. 


Height 


| Berlin Meer Paris | England Pavlovsk| Uccle | Zurich 
Balloons 


26 | 12 21 16) 12/19 | 10 26 | 12] 21) 12] 19 | 11 
15 | 12 16 17 | 12} 22);10 25)12/18)12}] 20 | 11 
13 | 12 14 17 | 12} 21) 10 | 22) 12] 19/12!] 16 | 11 
17 | 12 15 LSI Ze) 21 OR SSE tee Oona v4 77 
16 | 12 17 17 | 12 | 20 | 10 25 | 12 | 22) 12) 16 | 11 


17;12} — |19|12| 19) 10 | 21/12] 95}12) 21 | 11 
20}12; — | 21/12/18] 10; 21|12|26|12| 23 | 41 
18/12} — | 22/12] 22| 10) 16/12|99/12| 95 | 11 
18/12| — | 23/12] 21|10|16/121 26/12! 26 | 11 
15/12} — |19| 12] 18| 10/14/12] 294/12) 21 | 10 
11|12; — |16|12] 16/10! 16|12/17/12! 12 | 8 
14/12} — /|18/12/14|10| 22|/12/12/12/| 14 | 8 
19/12, — | 20/12/15 | 10; 21|12/13]12| 15 | 6 
21) 8/° — |19/12|/25| 9/17| 9/18/12) 93 1 5 
25) 7) — |18/12/28| 9,10] 6/15/11 (6) |] 2 
28; 6} — |22/11/95| 7/11] 5/15/11. @)| 2 


| | 


- Wissenschaftliche Luftfahrten, III. 2 G. R., 1900, and Met. Zit., 1901. 
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Height Strassburg Munich Vienna | Koutchino Ten Stations | 
| bi eee feta a | oe | ese |) aa Su eae 2 las 
Surface 22 | 12 BBy rd tics hyip? 12 Alia le MC eel 
1 km. ZO mss ol 2a sl 22 al? 2/25 12 27 11 167 / 12 
2 5 DBT 2 | ees | 17 12 24 11 14:0 | 12 
Bias 18 12 LS £2 15 12 18 tit 15:0 | 12 
cae 18 12 21 Lael kG 12 18 11 160 | 12 
Bist 20 12 23 2) MLZ 12 19 11 W7ERN | AL 
Ga 2 Vegilign 2. 23 12 17 12 20 11 18:3 | 12 
lass 21 12 23 12 21 12 22 11 1 a 2 
84, 2! 12 24 12 18 12 23 11 18°5 | 12 
OF 17 12 22 12 18 12 24 | A La oe Lad a 
anlar: ssl) 2 16 | 12 19 12 25 il 12°3 | 12 
agli ss 16 | 12 14 | 12 18 11 18 11 11:2 | 12 
iS Maize 18 12 Wy) 12 19 10 19 11 114 | 12 
re plivoss 16") 22 16 | 11 19 ) iby(aes |e ak} 13°3 | 12 
HEA ee 16 12 Te: a) <8 17 7 Tester GE'S, 12°2 | 12 

hers 19 12 10 6 13 6 Tal] ear =), |e) 1) 2A) 


The range diminishes in the first 2 or 3 km., and afterwards increases 
to a maximum value at a height of 7-8 km. which is also the height at 
which the vertical gradient is a maximum. The range then diminishes 
until the advective region is reached, after which it shows a further 
slight increase. This last small increase may be due to the effect of solar 
radiation on the instruments in some ascents, but the values show that 
there is still a considerable annual variation of temperature even at a 
height of 15 km. 

The following values for the first four components of the annual 
variation of temperature over Berlin have been deduced from the results 
of kite and balloon observations made in the five years 1903-07.' Time 
is measured from January 1. 


Height. Temperature. 
122 m. ; : : : . 819-44+9°77 sin ( nt. +254)+0°19 sin (2 nt. + 40) 
+0°38 sin (3 nt.+ 10) +0°46 sin (4 nt. + 161) 
500 m. 6 - : : . 79°3 +822 sin ( nt.+249)+0°05 sin (2 nt. + 42) 
+0°46 sin (3 nt. + 352) + 0°33 sin (4 nt. + 260) 
1000 m. : - : é . 77°0+7-28 sin ( nt.+244)+0°15 sin (2 nt.+117) 
+047 sin (3 nt. +349) +0-21 sin (4 nt. + 282) 
1500 m. : : : - . 74°83 4653 sin ( nt. +243) +024 sin (2 nt. +195) 
+0°35 sin (3 nt,+ 24)+0°46 sin (4 nt.+18) 
2000 m. : : ; : . 72°44610sin ( nt.+239)+0:18 sin (2 nt.+ 90) 
+046 sin (3 nt.+ 3)+0°24 sin (4 nt. +312) 
2500 m. : . 5 } . 70°4+4+5°88 sin ( nt.+236)+0:03 sin (2 nt.+115) 
+0:28 sin (3 nt. + 338)+014 sin (4 nt. +29) 
3000 m. : : 5 : . 67°-'945°94 sin ( nt.+237)+0°17 sin (2 nt. + 204) 


+053 sin (3 nt. +285) + 0-12 sin (4 nt. +131) 
The actual mean monthly temperatures are given in the table :— 


Height Jan.'Feb. Mar.) Apr. May June July Aug. Sep.) Oct. Nov. Dec.) Year | 
| | | 

ie 0 ee Es = are = 
Surface 122m. | 71:8 73:4 76-2) 80-1 87'2, 89:6} 91:0 90:2 86:4) 81-4. 76-4, 72°7 81°38 
. 500 m. | 71:5 72:1 73:5 77-4) 82-6 85-8) 87-3 868 84:3 805 75°9 72:2) 79 32 
5 1,000 m, | 70:4, 70°1 72:1) 74°6) 80°4 82°5 84:2 83°6 81°6 788 74:5 71:0) 76-97 
ce 1,500 m, | 69:1! 68:2 69:9) 73-7| 77-3) 79:4 81-2, 80:5 79°2 76:9 72°6 69°5) 74:80 
Fp, 2,000 m. | 67°3/ 66'6 67:8, 70:0, 74:6) 76°7| 78:4) 78:0 77-0 74:4 70:7 68-0) 72°44 
* 2,500 m. | 65:2) 64:6 66-0) 68-0) 71-9, 74:0, 76°4| 75:5 75:0 72:6 69-2 66 2) 70°38 
5 3,000 m. | 61°6 62-4 63°9 65 6) 69:2, 72-2, 73 9) 72-9 72:2, 70 4 66 7 63°8| 67-90 


1 Ergebnisse, Berlin and Lindenberg. 
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The following table gives the total number of days in each month on 
which the observations, used for the calculation, were made :— 


— Jan. | Feb. Mar. Apr. May June July | Aug. Sept. Oct. Nov. Dec. 
| = | | mY: | a ~ ==} 


Surface | 155 | 141 | 155 | 150 | 155 | 150 | 155 | 155 | 150 | 155 | 150 | 155 

500 | 155 | 139 | 154 | 150 | 155 | 150 | 155 | 155 | 150 155 | 150 | 154 
1,000 | 146 | 133 | 150 | 146 | 154 | 150 | 151 | 152 | 148 | 152 | 147, 150 
1,600 | 115) 98) 110 | 122 | 132 | 128 | 134 | 132 | 129 | 134 | 124 120 
2,000 | 79 73) 76) 89| 97100} 91/111] 109, 112 94 83 
2,500 | 49) 48| 48) 57| 67| 71| 66| 85) 85} 84| 77] 60 
3,000 | 24| 29 | 39} 55 | 50| 55 | 65| 60| 55/ 36 


made at 40 m. They have been reduced to 122 m. by taking for each 
of the 27 months the mean gradient observed in that month between 
40 m. and 500 m. 

The outstanding features of the results are a steady decrease in the 
amplitude and in the phase of the whole year term. The minimum tem- 
perature occurs near January 15 at the surface, while at 2,000 m. it does 
not occur until February 1. 

The results for 3,000 m. are unduly influenced by the fact that the 
observations at that height in January 1907 were made during a very cold 
period, and probably diminished the mean value for that month below its 
true value. The effect would be to increase the phase for that height. 

The amplitude at 2°5 km. is only 3 of its surface value, but it does 
not appear to decrease above this height. 

Hann! gives the following values for the amplitude of the yearly 
variation on mountain peaks and well-exposed places :— 


Sonnblick 


Place Altstitten | Trogen | Gibris | Rigikulm  Siintis 
| Height 460 m. 880m. | 1,250 m. 1,790 m. 2,500 m. | 3,100 m. 
| Range | 19°4 17°11 | LD Dre 14°4 / 14°-1 / 14°'5 C. 


These values show the same general decrease up to 2°5 km. as those 
found for the free atmosphere, but they are in all cases 2°-3° C. greater 
than for the free atmosphere. 

The four components have been given to show the comparative regu- 
larity of the third both in amplitude and phase, compared with the second 
and fourth, the latter of which appears to be merely the result of accidental 
irregularities. 

The result appears interesting and worth investigation, because there 
is a similar period in the velocity of the centres of anticyclones. 

The following expression for the annual variation of this velocity in 
m.p.s. in America has been deduced from results given by Herrmann :” 

V=11:441-30 sin (nt + 68°) + 0°12 sin (2nt + 138°) 
+ 0°31 sin (8nt +18°)+0°09 sin (4nt + 78°). 


Here the third component has an amplitude more than double that of 
the second, and treble that of the fourth, and its phase agrees very nearly 
with the corresponding term in the variation of temperature. This 
implies that when anticyclones are moving rapidly in America, the mean 
temperature over Berlin is above the normal value. 


1 Lehrbuch, p. 105. 2 Monthly Weather Review, April 1907. 
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The velocity of anticyclones in Europe has not been dealt with since 
1887 when Brounow ! gave results based on ten years’ observation. These 
results give 

- V=7-7+ 0:32 sin (nt + 85°) +0°31 sin (2nt + 146°) 
40°76 sin (3nt + 216°) + 0:56 sin (4nt +178°). 


The number of observations was considerably less than that used by 
Herrmann, but the third component is still greater than the second and 
fourth. The phase is nearly opposite to that for America. 

This implies that in rapidly moving anticyclones the mean temperature 
up to 3 km. is below the normal. The result may be compared with 
Hanzlik’s deduction that a rapidly moving anticyclone remains cold. 

The annual variation for heights up to 15 km. has been calculated 
from the ascents of registering balloons. 

The following table gives the results when the temperature is expressed 
in the form :— 

T=T,+P, sin (nt.+A,)+P, sin (2 nt.+A,)+ — 
the time being measured from January 1. 


Height. To P, Ay Py Ag P; A; 
| te} G ° ° Cc ° ° (@) ° 

Dek? s) Saree 8:3 245 0°55 39 0-49 307 
re Nee M(t 65 235 0-75 50 1°35 321 
3, | 67:6 61 232 0:87 11 1-25 347 
Les, 61°8 64 231 1:28 73 1°55 344 
Dias; 55°6 67 232 1:20 66 1:43 354 
yee 48-7 73 231 151 72 1:66 355 
Kismet 415 75 231 152 68 1:85 358 
8° Sy, |e ae 76 232 1:32 1H (ame ape Se fr 359 
See eee <2 247(-8) 70 231 1:06 35 1:46 361 
10-55 1 223 56 234 1:26 333 0-98 356 
Vitale ie 47 246 16 314 0:85 362 
12 ,, 18°3 46 259 1-4 319 0-2 218 
lacoe 19'1 41 275 21 354 | 1-0 326 
Naess 19-4 4:0 272 18 22 1:0 328 
Pee 19-2 44 272 2-0 356 Vl 317 


The results agree with those deduced above from kite observations in 
showing a decrease in amplitude.and phase of the whole year term in the 
first3km. But at greater heights the amplitude increases, and the phase 
remains constant up to 8-9 km.,after which the amplitude again diminishes 
while the phase increases. Thus, at 13 km., the maximum and minimum 
temperatures, arising from the whole year term, occur at the end of June 
and December respectively, while in the layers 4-9 km. the corresponding 
times are the second weeks in August and February. The third com- 
ponent shows great regularity in phase, and its amplitude increases and 
decreases with the whole year variation until a height of about 12 km. is 
reached, when the amplitude vanishes and the phase changes by nearly 
180°, returning gradually towards the value it has near the surface. 

The second component increases with the height up to 7 km., and after- 
wards diminishes for 2 km. It then increases again, and in the upper 
layers is half as big as the whole year variation. 

The following tables give the mean temperatures for each month at 
different heights and the number of observations from which they are 
calculated. The results are plotted in the diagram Plate II., and Fig. 2. 


' Repertorium fiir Meteorologie, 1887. 
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ANNUAL VARIATION OF TEMPERATURE IN DEGREES CENTIGRADE 


AT VARIOUS HEIGHTS OVER STRASSBURG. 
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shows similar results up to 11 km. for Strassburg. The monthly tem- 


peratures correspond to about the 5th of each month, but those for 
August to July 30. 


Mean Temperatures for each Month (200+). (Ten Stations.) 


Height | Jan. | Feb. | Mar. April May June | July | Aug. | Sept., Oct. | Nov. Dec. 


Surface 
Sonal 69:0 | 71:4 | 71:7 | 78:1 | 83:7 | 86°6 | 90:9 | 89°9 | 85:9 | 84°5 | 75:9 | 72:0 


1 km. | 70:0 | 69:7 |70°6 | 73°6 | 78-2 | 81°8 | 85°7 | 86-4 | 81:3 | 81:3 | 75:0 | 70°5 
2 ,,  |67°6 | 69-2 | 66-2 | 68-3 | 72:3 | 76:4 | 796 | 802 | 76:2 | 77-2 | 73°6 | 669 
8 ,, |63°6 |64:°6 {59:7 | 632 | 67-4 | 71:1 | 73:4 | 74:7 : ; 32° 
4 ,, |58:0 |59°5 |53-1 | 57-2 |60°1 | 66-1 | 67-8 | 69-1 | 64-9 | 66:5 | 62:5 | 56°5 
5 ,, |51:6 153-0 | 46-1 | 50-6 | 53°8 | 602 | 61:7 | 63:3 | 59°5 | 60-3 | 55°8 | 50:0 
6 ,, | 44:5 145-9 | 38:5 | 43-6 | 47-1 | 53-8 | 55°6 | 56:8 | 53:3 | 53:3 | 49-1 | 43:0 
tf 
8 
9 


» |37:0 | 39:1 |30°8 | 36:2 | 39:9 | 46:8 | 48-3 |49°9 | 46:3 | 46-4 | 418 | 35-4 
» | 290 |81-0 | 23-7 | 28-8 | 32-8 | 40-0 | 40°7 | 42-2 | 39:2 | 39-2 | 34:0 | 288 
» | 22:1 | 24-5 | 19-1 | 22-7 | 25-9 | 31-7 | 33-0 | 35-2 | 32-9 | 32°8 | 263 | 22°6 
10 ,, |165 |19-4 |17-8 | 19-0 | 21-4 | 25-2 | 26-7 | 28°8 | 28-0 | 26-8 | 213 | 17'S 
11 ,, |13°4 |15°6 | 17-3 | 16-9 | 19-3 | 21:9 | 21:3 | 23°6 | 24°6 | 21°7 | 17-2 |13°8 
12 ,, |13°5 {12-8 | 19-2 |17-3 | 19-4 | 20°6 | 22°6 | 21:5 | 24:2 | 18-0 | 15:9 | 13-4 
133 95 15°3 | 18-0 | 20-0 | 17-3 | 20-2 | 21:0 | 23:7 | 22:0 | 23:1 | 16-4 | 16:9 | 10-4 
14 ,, |161 |17-4 | 20-0 | 151 | 20°6 | 21:7 | 24-2 | 22-0 | 22-5 | 16-0 | 16-8 | 12:0 
15 ,, |14:8 |17°0 | 20-7 | 17-0 | 204 | 21:2 | 239 | 21-1 | 221 | 15°7 |15°8 | 10:0 


Number of Observations in each Month at each Height, 
Surface | 33 | 28 | 25 | 43 -| 33 | 27 | 80 | 67 | 38 | 38 «6-333 | «33 


1km. | 34 dl 26 | 45 | 34 29 33 66 42 | 42 | 32 | 32 
oes 32 | 26 | 25 | 41 32 25 | 26 | 65 36 | 41 32 | 30 
By Lechy 32 | 26 | 26° | 41 32 25 | 26 | 65 | 36 | 41 32 30 
Aes 32 | 26 | 25 | 41 30 25 | 26 65 36 | 41 | 32 | 30 
58 55 32 | 26 | 25 | 41 30 25 | 26 | 65 | 36 | 41 32 | 29 
Gh: 32 | 26 | 25 | 41 30 25 | 26 65 |} 36 | 41 32 | 29 
th 32 | 26 | 25 | 39 | 31 25 | 25 65 | 36 | 41 32 | 29 
3) Ba 32 | 26 | 25 | 38 | 31 25 | 24 63 35 | 40.) 32 e227 
Dass 31 25 | 24 | 38 | 31 25 | 24 61 35 | 36 31 27 
10) 75 30 | 21 23 | 34 | 28 25 24 60 | 34 | 36 | 30 | 26 
1h 5. 27 19 LOS |Falae26 21 24 59 32 | 34 30 | 24 | 
120s; 21 15 | 14 | 23 | 24 17 21 48 26 | 33 . 27 | 20 | 


The principal feature in the diagrams is the very marked minimum in 
March and the similar though less marked effect in September. Above 
10 km. the conditions are reversed and the minima are replaced by 
maxima. A similar peculiarity, with which this is indeed connected, was 
found in the height and temperature at which the advective region was 
encountered, and an attempt was made to connect it with the general 
circulation of the atmosphere. The effect cannot be explained as due to a 
mere retardation in the time of occurrence of the minimum temperature, 
because the phase of the annual term shows that this retardation reaches 
its full value at a height of about 3 km., while the depression in March 
increases in intensity up to 8 km., and the minimum in September flatly 
contradicts such an hypothesis. 

It may be suggested that the pressure distribution at the time at 
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which the ascents in these months were made, was accidentally peculiar 
for the five years of observation. 

The following table gives the mean pressure at Strassburg for each 
month on the days of ascents during the five years, and for comparison the 
mean pressure at Aachen ' from the records for 1896-1903 :— 


Mean Pressure (700+ mm.). 


— Jan. Feb. Mar.) Apr.| May June July Aug. Sep. Oct. Nov.) Dec. 
ded | | | | 


pooh 4: bvealh .-iec | 
Strassburg (140 m.) . | 54 | 55 | 49 | 49 | 53 
Aachen (169 m.) . .| 49 | 47 | 44 | 46 | 46 


51 | 61 | 49 | 50 | 50 
47 | 47 | 47 | 47 (46 48 


48 | 
45 | 


The differences in pressure are practically no greater than are to be 
accounted for by the ordinary yearly variation. Of course the same 
causes which affected the value of H, and the mean temperature of the 
upper air would also affect the pressure. The possibility of such accidental 
peculiarities, however, emphasises the need for weekly ascents at one or 
two selected stations to fill up the large gaps between successive inter- 
national ascents. , 


IV. (e) Diurnal Variation of Temperature. 


Clayton concluded from a discussion of kite ascents made at Blue 
Hill that the most marked feature in the diurnal temperature variation 
in the free atmosphere was the increase in the semi-diurnal term, and 
the vanishing and reappearance with changed phase of the diurnal term 
in the first 1000 m. Wundt,? using observations made at Hald, in Jutland, 
obtained results for 1,200 m. from which the following expression for the 
variation has been calculated— 


T=T,+0'55 sin (nt + 248°) + 0:05 sin (2nt + 349°), 


time being measured from midnight and the amplitudes being expressed 
in degrees C. 

For the autumn of 1902, his results, which he regards as more trust- 
worthy than the general means, give 


T=T, +0:35 sin (nt + 229°) + 0°13 sin (2Qnt + 217°). 


Gold? found the following values for 1,000 m. from an analysis of 
the kite and balloon observations made over Berlin and Lindenberg in 
1903-07 :— 

'! = T,— (4°40 + 0°08) + (0°87 +£.0°13) sin (nt + 197°) 
+(0:14+0:10) sin (2nt + 123°). 


where T, is the mean surface temperature at Potsdam (40 m.). This 
agrees with Wundt’s results in making the amplitude of the semi-diurnal 
term small, but differs from them considerably in the amplitude of the 
diurnal term and in the phases of both terms. 

A similar result was found when only those observations were used 
in which the observed wind at 1,000 m. was not less than 8 m.p.s. 


' Met Zeit., 1906, p. 91. 2 Thid., 1908. 
3 Nature, July 1, 1909. \ 
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The value was— 


T =T;—(3'97 + 0°15) + (0°84 + 0°23) sin (nt + 173°) 
+ (0°35 + 0°15) sin (2nt + 102°), 


and the agreement between the diurnal terms in the two cases proves 
that the results are not influenced to any considerable extent by solar 
radiation. The variation at 2 km. was found to be considerably less. 
It is approximately given by 
T =T,— (9°84 + 0°23) + (0°64 4 0°31) sin (nt + 270°) 
+ (0°25 + 0:23) sin (2nt + 72°). 


The variation of the temperature in the free atmosphere is theoreti- 
cally connected with the variation of pressure. Mountain observations ' 
lead to the conclusion that the amplitude of the diurnal variation of 
pressure diminishes with height, vanishes and reappears with a change 
of phase of 180°. The semi-diurnal term, on the other hand, has its ampli- 
tude roughly proportional to the pressure, and its phase diminishes 
gradually with increasing height. 

If these conditions hold also in the free atmosphere, the phases of the 
diurnal variations of pressure and temperature ought to differ by 180° 
in the lower layers and ought to agree after the change in the pressure 
variation, 7.e., the phase of the variation of temperature ought not to 
change materially from its surface value. The observations are in fair 
agreement with this conclusion. 

The phases of the semi-diurnal variations of temperature and pressure 
ought to differ at the surface by 90° nearly, the latter (pressure) being 
the larger. In the upper layers this difference ought to diminish. 

The phase of the semi-diurnal variation of temperature found above 
is subject to a considerable probable error, but the results indicate a 
tendency in it to approach the value found for the phase of the pressure 
variation from mountain observations. Thus at Kew the phases actually 
differ by about 100°, while the phase at 1,000 m. differs by only 20°-30° 
from the phase of the variation of pressure observed at 1,000 m. in the 
Alps.2. The results for the temperature are, however, not sufficiently 
accurate to warrant conclusions as to the variation of pressure in the free 
atmosphere being drawn from them. 


V. Wind. 


The first attempt to discover the way in which the velocity of the 
wind changed with the altitude in the free atmosphere by the use of 
recording instruments appears to have been made by Archibald, whose 
results were communicated to the British Association at Montreal twenty- 
five years ago. He concluded that the velocities V, v, at heights H and 
h above the surface were connected by the equation 


V/o=(B/h)* 
where x diminished with height, but tended to a value nearly equal to }. 


} On the Pic du Midi, 2,860 m., the daily variation of pressure is given in mm, by 
Ap=0'19 sin (nt + 180°) + 0°25 sin (2nt + 124°) 
and that of temperature by 
AT=1°8 sin (nt + 251°) +0°6 sin (2nt + 80°). 
Met. Zeit., 1908. See also Hann, Lehrbruch, p. 605. 
2 Hann. Lehrbuch, p. 605. 
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Berson ! found the following values for the ratio of the mean velocity 
in layers 500 m. thick to the mean wind for the day at Potsdam. The 
latter was 5°5 m.p.s :— 


Layer |0—0'|05-1-0 10-1 15 ~9-0|2:0—9'5|2:5—3:0|8—4/4—5 above 5 km. | 
| 


Ratio . rae tori( Walters 1:85 | 1:95 | 2:08 2°16 2°45) 3:05 446 | 
Ratio (2) — | 1:00 1:02 1:07 | 1:14 1:19 | 1:35 1-68) 2°45 
No. of Cases 54 54 55 49 | 41 38 36 19 10 | 


The ratio (2) is formed with the velocity in the layer 0°5-1:0 as stan- 
dard. The results show a very slow increase up to 2-3 km., after which 
the change takes place more rapidly. It appears probable that the values 
up to 3 km. are those appropriate to the pressure distribution at the 
surface, and indicate that the ratio of the gradient of pressure to the 
density remains nearly constant up to that height. The larger values 
in the upper layers show that the intensity increases with height, which 
is in accordance with the observations of temperature, since these show 
that the places with higher pressure have also higher temperature in the 
upper air. 

Gold 2 showed from a consideration of kite observations that the 
major part of the increase in the first 2,000 m. took place in the layers 
immediately above the surface. For Berlin 75 per cent. of the total 
increase occurred in the first 160 m. 

He found, too, that the velocity increased up to 500 m. almost without 
exception, but that at greater heights numerous cases occurred where 
the velocity decreased as the height increased. Thus at Oxshott, between 
500 and 1,000 m. the velocity decreased in eight cases, remained constant 
in seventeen cases, and increased in twenty-three cases out of a total 
of forty-eight, while at Blue Hill the corresponding numbers were seven, 
four, and ten out of a total of twenty-one. The change depends on the 
direction of the wind. Both at Oxshott and Berlin the velocity almost 
invariably decreased between 1°5 and 2 km. in the case of S.E. winds, 
while S.W. winds showed the greatest increase near the surface. It was 
also found that the kite observations over Berlin furnished conclusive 
evidence that the wind at 1,000 m. altitude agreed both in magnitude 
and direction with the theoretical velocity deduced from the condition 
for steady horizontal motion along the isobars, viz.— 


(w 7 sin A+ vy_ldp, (w 7 sin A)? 
ip por r 


where p is pressure, p density, v velocity of the air, ) is latitude, » the 
angular velocity of the earth about its axis, and r the radius of curvature 
of the path of the moving air. 

Egnell * deduced from the observations of clouds that the velocity 
increases with the height, so that it remains nearly inversely propor- 
tional to the density, 7.e., the velocity V is given by V = V.p./p, where 
p is density and V,, p, are the values of V and p near the surface. 

The law appears to agree moderately with the observations from pilot 
balloons. The following table gives the values of Vp in arbitrary units 


1 Wissenschaftliche Luftfahrten, II. 
2 Barometric Gradient and Wind Force, M.O., 190. 
8 Comptes rend., 1903; International Cloud Observations. Trappes. 
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(metres per sec. x pressure in metres x T/T) deduced from ten sets of 
_ observations at Munich ! of which seven reached 12 km :— 

Height . : 3 1 3 5'5 8— LO 12 km. 

Vp 2 : ye tao) 48 45 53 45 37 

Observations made by Cave * in July 1908 furnish in the same units 
at the same heights the following values :— 

Vp eee eo Eah? | bbs) 89); Ob tee toO. ae 
Vp(May 1909) . 85 54 36 36 ° 33 ~~ 19 

The second row gives values from seven ascents in May 1909. 

The law implies that the mean gradients of pressure have the same 
value in the upper air as near the surface, and this can be the case only 
if the mean temperature over high pressure is greater than it is over the 
low pressure, 7.e., if the horizontal gradients of pressure and temperature 
are in the same sense. It was seen from the results for temperature that 
this was the case. It remains to be seen if the observed difference of 
temperature is sufficient to make the gradient of pressure constant. 

If p and p + 6 p are the pressures at two places at the surface, then 
the corresponding pressures at a height z are pe~",(p +6 p) e~“**” 


where u = (% = = Se T being temperature, and H the height of 
the homogeneous atmosphere, 8 km. nearly. 
If the difference of pressure is the same as at the surface 


e~“dp—pe“du=Sdp, ie, 8 p=—pe-“(l—e ")-18u. 


But 


HT? Er 
where ¢, is approximately the mean value of 5 T. 
Put T=T, (1—az) and a H =} corresponding to a constant 
vertical fall of temperature at a rate of 5°-7 C. per km. 
Then u = — (a H)™ log (1 — az) 
du= — 7, (a H) (l—az)7 
ew= (1 = a. 2)° 
The condition cannot be satisfied exactly at all heights with such 
a distribution, but if ¢, be determined so that it is satisfied at a height 
H, say, it will be approximately true for intermediate heights, and the 
value of ¢, will indicate if the condition is likely to be satisfied, regard 
being paid to the results of observations. 
Ii z=H,«oH =}, T)=273 
the condition 6 p= pe-“ (1 —e-“) 1 8u becomes 
__ 748 p 


du — (Me oT_ (ee 


t, 


P 

Thus if 6 p = 20 mm., t, = 2° C nearly. 

Now the actual mean difference in temperature up to 8 km. between 
regions where pressure > 770 mm. and regions where it < 750, is ap- 
proximately 4° C. or practically double the amount necessary to make 
V p constant. The value of V p ought, therefore, to be greater at 8 km. 
than near the surface. The results indicate that this is the case, and they 
show, further, that V p diminishes at greater heights. But this is entirely 
in accordance with the results for temperature, which showed that 6 T, 


’ Registrierballonfahrten, 1907-08.  * Quar. Jour. R. Met. Soc., 1908. 
° Weekly Weather Report, 1909. 
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and therefore also ¢, and 8 p diminished above a height of 8 km. Of course, 
as long as 8 T remains positive 5 p/p will increase, and therefore V will 
increase. But the results for temperature show that 6 T is positive up 
to 10 km., after which it becomes negative. The observations of tem- 
perature and wind are therefore in general agreement, indicating an 
increase in V p up to 8 km. and an increase in V up to 10 km., with a 
tapid decrease of both at greater heights. 

The direction of the upper wind usually veers from that at the surface, 
t.e., if the wind is W. at the surface, the upper wind comes from some 
point N. of W. This is partly due to the fact that surface friction opposing 
the motion makes the steady state one in which the direction of the wind 
is between that of the gradient and the isobars. The smaller the friction, 
the closer does the direction for the steady state approach that of the 
isobars. 

The following values for the rotation of the upper wind from that at the 
surface are deduced from Berson’s results :— 


Height . : ait, £085, 1 15 2 2°5 3 4 5km, 
Rotation a R $2 15° 216 28° 35° 39° 40° 43° 
No. of Cases «os 58 58 51 43 39 35 22 


In comparing these results with those obtained from kites it is to be 
remembered that a balloon does not rise vertically, but is carried along by 
the moving air and partakes of any natural curvature of path this may 
have in its horizontal progress. 

Similar results found by White, Pring and Petavel' show a smaller 
increase between 1 and 1°5 km., after which the increase is rapid. 

Height . : : 0:5 1 15 2 2°5 km. 
Rotation : : ie 18° 20° 30° 40° 

The authors do not state if these results are the mean values of the 
rotation irrespective of sign or not. 

The following values have been found for the deviation up to 3 km. 
from the observations made in England in 1906-07-08.” The values are the 
means of the individual cases, rotation in a clockwise direction (veering) 
being counted+. The values are arranged according to the direction of 
the surface wind, 8.W. winds being counted W. and so on. Only those 
observations are used in which the wind at 1,000 m. was not less than 
5 m.p.s. The values of R are the angles made by the upper wind with the 
surface wind. : 

Deviation of the Upper Wind in England. 
(R rotation, N number of cases.) 


Heights | 05km. | 1:0 km. 15km. 2:0 km. 2°5 km. | 3°0 km. / 

Winter (October-March). | 
Ww & ; 15° 09 TN eal | HS 18° Ite 
ieey| N... 76 76 41 14 5 4 
N R. s 6°5 13°°5 12° 102 —5° 02 
: {N. : 37 37 22 10 4 2 
E R. . 18° 25° tig 195 22° 27° 
; LN. : 37 37 18 10 7 5 
R NR. 16° 26° Ree 36° 37° 45° 
: {N, . 61 eae ee p+ a eae 13) 11 


1 Quarterly Journal R. Met. S., 1908. a 

2 Weekly Weather Report. See also Képpen’s Three Years’ Simultaneous Kite 
Ascents at Berlin, Hamburg, Pavlovsk. This publication was not available until after 
the present Report was printed. 
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Deviation of the Upper Wind in England—continued. 
(R rotation, N number of cases.) 
Heights 05 km. | 1:0 km. | 15 km. | 20 km. | 2°5 km. 
SS SS 
Summer (April_September). 
w.{k- 5"5 9°:5 Li Be 13o 6°°5 
SHINS 133 133 93 55 26 
N R. . 2° 3° —4° —6° —2° 
Slee: 48 48 29 20 12 
E f R. 2 12° 19° 21° 33° 41° 
Bano’ 39 39 31 20 14 
g JB. 12° 26° 32° 41° 45° 
UNS 67 67 41 19 11 
Year (Numbers = sums of Winter and Summer) 
W.. 9° 14° 14°°5 14° 8° 
N.. 4° s° Bie —1° —3° 
E. . 15° 22° 20° 28° 35° 
shee ; , , 14° 26° 32° 38° 41° 
Mean of all cases . 10° ays 18° 20°°) || wae 
Mean of yearly means 10°°5 17°'5 uly ee 19°8 20°°3 
Total N. ; 300 | 298 269 202 142 


30 km. 


Similar results from Berlin (Lindenberg) for 1906 are as follows * :— 


Heights 
} 
Winter. 

Ww le : 25° 31° ale Bl? 
es ee 76 70.— 2) «09 39 
N {x ; 17° 20° 23° 22° 
ol aN tts 18 18 15 12 
E 1 . 36° 39° 45° 48° 
<b) New 1.27 27 26 20 
s {¥ : 43° 50° 58° 55° 
ENS 55 55 53 42 

Summer 
WwW es - 10° 13° 15° 10° 
culeNi pe 5 64 63 62 44 
N {¥. F 10° 15° 18° 18° 
BPNe rs 24 24 22 18 
E i : Uf jd 18° 28° 41° 
Sail aN 22 22 19 15 
S FS ‘ 18° 28° 27° 27° 
2 WON... 14 14 13 12 


Year (Numbers = sums of Winter and Summer). 


W:.: 18° 23° 23° 20° 
INEZ 13° Ui 20° 20° 
E. . 27° 30° 38° 45° 
Sits : : ‘ 38° 46° 48° 49° 
Mean of all cases . 23° 29° 31° 32° 
Mean of yearly means . 24° 29° 32° 34° 
Total N. 498 498 316 171 


33° 
26 
13° 
8 
53° 
15 
57° 
33 


23° 
15° 
46° 
53° 
34° 
34° 

92 


0°5 km. | 1:0 km, | 1°5 km. | 9°0 km, | 9:5 km. | 3:0 km. 


These results show how much the rotation depends on the wind direction 
and on the situation. At both places 8. winds show a greater rotation 


' Ergebnisse der Arbeiten des Aéron. Obs. 


were made at Lindenberg, which is some distance from Berlin itself. 


The observations after April 1905 


; 
: 
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and a more regular increase than winds from other directions. This is 
probably due, in part at least, to the fact that the general drift of the 
upper air is from W. to E. The rotations for Berlin are in nearly all cases 
greater than in England, but S. winds in summer form an exception. 
The difference in the upper layers is greatest in the case of N. winds which 
back slightly in the upper air in England, both in winter and in summer. 

The rotation is larger in winter than in summer, indicating that in the 
latter season convection is more vigorous in equalising the wind in the 
lower layers. The departures of the wind at higher levels from the direction 
at 500 m. show that this must be the case since these departures tend to be 
slightly larger in summer than in winter. S. winds again form an exception 
and have total rotations slightly larger in summer than in winter in 
England. 

The same observations were used to obtain the increase of the velocity 
with height. 

The following table gives in metres per second the mean observed 
surface wind and the mean excess of the observed wind at each height 
above the surface wind at the time of observation. The number of obser- 
vations in England is slightly less than before because in some cases the 
direction only was observed at ground level.! 


Increase in Wind Velocity. 
B=Berlin, E=England. N=number of observations for England. 


Heights Aut | 05 km, 1-0km,|1°5 km,|2:0km.| 2°5 km,| 8:0 km. 
Winter. 

B. : 75 78 | 80 | 80 | 87 | 96 | 10-5 

W.; E. 59 | 72 | 96 | 105 | 108 | — — 
N. 59 59 59 32 7 a= — 

B. : 58] 38 | 41 52 | BT | 68 | 7-2 

N. < E. 55 | 53 | 68 | 75 | 7:2 | 11:8 | 144 
N. .| 30 30 30 16 6 2 2 

B. 56 54 57 54 | 58 53 | 55 

E. ; E. 6:3 6:3 72 66 | 69 4:2 | 2:8 
N. 37 37 37 18 10 i 5 

B. 59 75 72 | 77 | UT | 94 | 10:0 

Sh eee 49 | 64 | 7:8 8:2 71 58 | 7:0 
N. ; 50 50 50 29 15 9 7 

Summer. 

B ; 62 | 4:5 61 63 | 66 | 76 8:2 

W.iE 59 53 | 69 | 83 85 | O1 87 
N 107 | 107 | 107 67 38 26 11 

f B 4:9 29 | 3:9 43 | 38 | 3:9 5:9 

N. E 58 | 4:1 53 | Bl 45 | 48 8:4 
iN 39 | 39 | 39 | 21 | 14 7 4 

(B 521 25 | 34 | 361 39 | 44 | 93 

E. | E 5-4 3°5 4°4 4°3 51 56 6-2 
N 33 33 33 25 18 14 11 

B 56 3:3 35 55 42 | 56 5:0 

8. 1E : 41 50 | 83 | 98 79 78 73 
N 61 61 61 37 | 16 8 Zl 


1 The absolute values of the velocities are not inter-comparable because ascents 
are not made in strong winds in England and the anemometers are of different types 


. and have not been compared. 
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Increase in Wind Velocity—continued. 


B=Berlin, E=England. N=number of observations for England. 


: | | | | | 
Heights | ear los km, 1:0 km, 1:5 km, 20 ay 2:5 hm. 80 km. 
| | 
{ | - | | | 
Year. 
Al Bs 69} 63 71 Tl) 75 85 92 | 
E, 59 1 60 | 78 O91 |} 88 | 91.) 87 | 
y fae 53 3 | 40 46 | 45 | 50 | 6-4 | 
"1E. 57 | 46 | 56 | G1 | 53 | 64 | 10-4 | 
SoBe B4 1°41") ‘#7 | £6 | a0) eo) “es | 
ae te 59] 50 | 59 | 53 | 7) 52) 51 | 
g, {B: 59 1 67 | 64 | 73 | 70 | 87 | 90 
yl ts to! gadkers 441 56 | 81 | 91 | TH iBT a T71 
B. 59 | 51 | 56 | 59 | 60 | 68 | 77 | 
Mean of Means jp | || 55 | 53} 69 | 74 | 68 | 69 | 78 | 
Mean forall windsirrespective of | | 
46 | 43 | 481 56°64 | 


magnitude for Berlin, 1905-6-7 4:9 | 4:3 — 


The velocity therefore increases with the height, but there is little 
change between 1 and 2km. The smallest increase is in N. and E. winds, 
but in summer the increase in E. winds is progressive throughout. The 
increase in the first 500 m. is always less in summer than in winter, corro- 
borating the results found from the rotation with regard to the effect of 
convection. The following table gives the results for Berlin deduced from 
those cases only in which a height of 3 km. was reached, and the wind 
at 1 km. was 5 m.p.s. and upwards :— 


Deviation and Increase in Wind Velocity, Berlin. 


Heights | FOE {05 km. 1-0 km. 1:5 = km #0 km 2:5 km. 3-0 km. 
| | | 
ee [a tee Ae 

; = = on - . oa | spite: | aoe | o1°°) 19° (aqme eae 
44 ogseayf Vi 5 ei) og | 59, | 1582 | 69 | 67 | 70 | eemieD 
f ae aes — | 18° | 293° | 25° | 24°] 95° | 25° 
14 cases f V. | 6. 1i43,| 48 | 3 | 55 | Somes 
KE. )R: | —, | 26° | 27° | 34° | 37° | semi gue 
16 cases f V. a3-[ 54 | 53 | 56 | 61 | Gol 63 
8. = — | 35° | 45° | 44° | 45° | 46° | 46° 
30 cases{V. . 57 -| 64 | 63 | 60 | 69 | 82 | 9-0 
Mean of all } R. == }) 24e" | 29° | 30° || 30° 1) Sige sae 
104 cases V byte bib 5:9 61 66 76 8:3 


Thus except for E. winds there is no change in the rotation between 
1 and 2 km., and for W. winds there is no change in the velocity in the 
same layer. 

The following table gives the frequency of different rotations for a 
height of 500 m. at Berlin (Lindenberg) :— 


ce i 2 o | ° ° ° ° ° o!o o lo 
Deviation in 4-8 ~93 meilig 11 | 23/84 45 56/68 79/90 101 Total 


| 
degrees ae | 
} 7 r ras <a le eee 
Ww. (—|—| 5 | 4 )35)) 24/37 10!1615|2/—/1|—| 139 | 
N. |} —|—| 2) 3 |15] 7] 8j—| 6'—-;2}-|—|-| 42 | 
E, ) 1} —|—| 1 fii 3/18) 4) 9 2) 2]2)2)—)- 49 | 
| 8. 1, of ——aeBes| lel oF 1 ASS 2/3 ie: | Sale Eelam 
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The irregularities probably arise through the tendency of the observers 
to estimate in even ‘ points ’ when the direction is nearly half-way between 
two points. The most frequent deviation for E. and W. winds is then 
1 point (11°), for N. winds nothing and for 8. winds 3 points (34°). In 
addition to showing the smallest deviation, N. winds show greater regu- 
larity than the others, while E. and S. winds show the least. 

Berson’s results lead to the following values for the total rotation ip 
cyclones and anticyclones :— 


5 


Heights 'O5km. 10km. 15km. 2:0km. | 2:5km. 3:0 km. | 4:0 km. 5°0 km. | 


| | 
erry 25 Steed | es 
° ° ° ° ° ‘ons ° ° 
Cyclones. . 4 Q |} -—2 =2 | 2 3 | Sf let 
Anticyclones . _—10 27 | 38 43 | 50 | 57 | 58 | 63 


The horizontal motion of the balloon would tend to increase the 
rotation in anticyclones and to diminish it in cyclones, and this probably 
accounts for the large difference found. Berson concluded that only part 
of the difference could be accounted for in this way, and that there was a 
considerable difference after correcting for this effect. The results of kite 
observations do not agree with this conclusion. The mean rotations, 
deduced from the Berlin observations in 1905, are as follows :— 


. | | Number of Cases 


Heights | 1 km. 2 km. SSG = | 
| 1 km. 2 km. 
a | = 
Anticyclonic . i # 25° 33° 54 26 
Cyclonic . : : | 27° Sith 110 52 
or including only those cases which reached 2 km. :— 
Anticyclonic : . ‘ 4 aoe 33° 
Cyclonic : : ; ‘ : ey orl 37° 


These values agree very nearly with the general mean values found 

above, 7.e., 29°, 32°. Two cases, in which the wind was very weak and 
completely changed its direction, have been excluded. It may be said 
therefore that the mean rotation of the wind in the first 2 km. is prac- 
tically independent of the direction of curvature of the isobars. 
___ The increase in velocity, expressed in terms of the ratio of the observed 
wind to the mean surface wind, under different pressure conditions, 
is, according to Berson, as follows in different layers (A anticyclonic, 
C cyclonic) :— 


0-95! -1-0| -15| —20 | —a5 | -s0 | —4+0| —50| >50 
Heights | km. | km. | km. | km. / km. | km kn. m km. 
— aca / fas : Owe 
Ratio A. . {| H6L| 167 | 166 | 1-86 | 1-96 | 203 | 240 | 3:15 | 4-07 
eno — | — | 3-00 | 4-11 | 1-17 | 1-22 | 1-44 | 1-89 | ota 
Ratio. C 1:96 2-00 2-09 | 217 | 245 | 249 | 266 | 3:57 | 5-03 
eae | | 1-05 | 1-09 | 123 | 1-25 | 1-38 | 1-79 | 2-52 | 
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Thus at all heights the ratio is greater in C thanin A. Thesecond rows 
have been introduced to show that the ratio to the wind in the layer 
0-5-1-0 km. is practically the same for the two cases, so that the difference 
arises in the surface layer. 

The kite observations for 1905 lead to the following results for the 
velocity in m.p.s. in the two cases :— 


Velocity | Ratio 
Surface 1 km. 2 km. 1 km, 2 km. 
(1) 3°6 71 8-4 1:97 —_ 
(2) 4-1 8:2 8:4 2-00 2:05 
C (1) 5°6 10:7 10'7 Si — 
(2) 59 10°5 10°7 1:78 1°82 


The rows (1) include all observations ; (2) those only in which the 
ascent reached 2 km. The surface wind is the mean of the values at the 
time of observation. The ratio is less in C than in A, but the method 
of obtaining the surface value is different from that used by Berson, so that 
it is not quite certain that the results are contradictory. The results seem 
to imply that the difference is largely accidental and that the real difference 
is small. It would of course be natural to suppose that the surface 
friction and irregularities would produce a diminution in velocity which 
increased at a greater rate than the velocity itself, and this would accord 
with Berson’s results, 


Anode Rays and their Spectra. By Dr. Otto R&EICHENHEIM. 


[Ordered by the General Committee to be printed in extenso]. 


In 1886 Dr. Goldstein found two sorts of positive rays in vacuum 
tubes, containing a perforated cathode, one passing behind through 
the cathode—the canal rays—the other going from the cathode in the 
same direction as the cathode rays, which he called K.-rays, and which 
are now known in English literature as ‘ retrograde rays.’ 

These rays owe their origin to the high fall of potential near the 
cathode; and so we may expect that positive rays can arise at any 
part of the space of discharge if it is possible to produce a sufficiently 
high fall of potential. 

The fall near the anode in a vacuum-tube filled with any indifferent 
gas, as H., N:, or helium, is usually 20 to 40 volts. As Gehrcke 
and I found two years ago, this fall can grow suddenly to many thou- 
sands of volts if one introduces small quantities of halogen vapour into 
the tube. From such anodes with high fall we found that positive 
rays were emitted. These we called anode rays. 
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Fig. 1 shows an anode-ray tube. x is an ordinary cathode of 
aluminium ; the anode is formed by a stick a of a mixture of a halo- 
gen salt and graphite which is surrounded by a glass tube; through 
this tube passes a copper wire, which conducts the current to the salt, 
so that the surface of the salt mixture serves as the anode. 

If the current passes through the tube the surface of the salt, for 
‘instance Lil, gets melted and develops vapour of iodine, which pro- 
motes a high fall of potential; the positive lithium ions on the surface 
of the melted salt get their velocity in this field and appear in the tube 
as anode rays. These rays show the spectrum of lithium; they pro- 
duce on the glass the yellow fluorescence characteristic of positive rays ; 
they are emitted at right angles to the surface from which they come; 
they are deflectable by electric and magnetic fields in the sense of positive 
charged particles. 

Sodium rays are yellow, Ca rays violet, barium and strontium rays 
blue; about the spectra I will speak later on. If one had a sufficient 


Fie. 1. 


quantity of Ral. or RaBr., I think, there would be no difficulty in 
making Ra rays—that is, rays of positively charged Ra-atoms. 

We measured the velocity and the relation between charge and 
mass of these rays. The following table shows that the velocity 
of these rays, which depends on the electric field at the anode, is about 
the same as that of canal rays, and that it appears correct to assume 
that these rays consist of positively charged atoms :— 


Atomi 

a caw & sec < cay my Weight 
Sodium F A 1:76 x 10’ 0°40 x 103 23 23 
Lithium - f 2°40 x 107 1:15 x 10° 8:3 7 


Strontium . : 1:08 x 10’ 0°21 x 10° 90 88 
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The vapours of halogens can also produce high electric fields at any 
other point of the discharge, where there is a constriction of the path, 
and produce positive rays there. 

If one fill a tube such as is illustrated in fig. 2 with H., evacuate it 
and pass a current from i, the anode, to the cathode x, then cathode 
rays go out from the cathode, and striction-cathode rays out of the tube 
1, 2, at 2, but no positive rays are to be found in the tube. If we 
now introduce any halogen vapour into the tube, not only does the fall 
at the anode rise, but a high fall is also created near 1, and hydrogen- 
anode rays are emitted from A, and striction-anode from A:. 

If we have helium instead of H, in the tube together with a halogen, 
helium rays are produced. 

Last winter I endeavoured to ascertain the cause of the remarkable 
power of the halogen vapours to increase the fall at a constriction of 
the path of discharge; and I found that the following hypothesis is 
supported by experiments of which time does not allow me to give 
an account: the halogens are, in accordance with their electro-negative 
character, much more inclined than other gases to form negative ions, 


Fie. 2. 


or, what is the same, to absorb negative electrons; and where there is 
a decrease of electrons one always finds an increase in the fall. 

If, now, the tendency of the halogens to form negative ions is the 
explanation of the high fall at the anode, then when a perforated anode 
is used those negative ions should become accelerated and appear behind 
the anode as negatively charged atomic rays, in the same manner as 
positively charged rays (the canal rays) pass through a perforated 
cathode. 

In a tube like the one shown in fig. 3, I tried to find these rays. 
K is an aluminium cathode; into the big tube leads another glass tube, 
B. In the end of this tube there is fused the anode a, a platinum 
plate which has a central slit. co is a cylinder of wire gauze, D a 
metallic diaphragm, c and pD are in metallic connection with each 
other and form a closed conductor inside which there can be no electric 
field. They can be connected by a wire with the pole of an electric 
machine. F is a fluorescent screen. 

If there is a mixture of H. and I. vapour in the tube, there is, 
in a suitable vacuum, an anode fall of about 4,000 volts; from a the 
H, anode rays (already mentioned) enter into the big vessel. In the 
opposite direction, towards F, there pass not only negative electron- 
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rays (cathode rays), but also atomic rays. If one examines these 
atomic rays in a magnetic field one finds that they do not carry as 
expected a negative charge, but a positive charge. As these rays come 
from the anode and have, against all expectation, just as the K, rays, 
a positive charge, I called them A, rays. 

Thus we see that positive rays pass through the electrode a whether 
it is acting as cathode or as anode. In the first case these rays are 
canal rays; in the second case A, rays. 

Without supposing that here there is some radio-active process going 
on, we must conclude that these A. rays obtain their velocities as nega- 
tive ions. 

If afterwards they show a positive charge they must have dissociated 
negative electrons on their way. So the hypothesis seems permissible 
that in gases at low pressures material particles, having a certain 
velocity, dissociate negative electrons. This hypothesis of the origin 


2 OV 
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of K, and A, rays is in accordance with the results of Willy Wien, 
for it will be remembered that he found that a bundle of uncharged 
canal rays becomes positively charged during their passage. 

The following diagram shows all the rays carrying electric charges 
in a vacuum-tube (fig. 4) :— 


Mo<|>e@5 Mo<\>eE 
Mote >eE’ , 
M 
"SoM tae 
K A 
Fic. 4. 


A represents a pefforated anode. 

K ss cathode. 

Black points E represent electrons. 

Circles M represent positively charged particles. 


The rays leaving the anode seem to be identical with those leaving 
the cathode, if one supposes that the rays at the anode have their origin 
at a gas-cathode situated just in front of the surface of the anode. 

In regard to the spectra of the anode rays it may be mentioned that 
the alkali rays show about the same spectrum as in the electric arc, 
a spectrum which consists of series. The spectrum which the anode 
rays from the metals of the alkaline earths emit is much simpler than 
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the one they show in the electric arc. The difference will be seen from 
the following diagram (fig. 5):— 

This shows the spectrum of barium when it is used as metallic 
anode in a Wehnelt tube, and when the currents sent through the gas 
are so great that the metal begins to evaporate. Then 
the light near the anode throws a spectrum which is 
about the same as the one the metal sHows in the 
electric arc. Below this spectrum is shown that of 
barium anode rays. It is easily seen that the first 
spectrum has many more lines than the second one, 
which is the spectrum of the anode rays. 

The barium rays show a spectrum of the same type 
as that of the rays due to other alkaline earths, as 
they all have one line, which has no relation to any 
other, an isolated line, and then a few pairs of the same 
difference of vibration-frequency which are connected 
with the atomic weight in the well-known way detected 
by Runge and Paschen. So we may suppose that the 
lines owe their origin to charged atoms. 

By studying the spectra of anode-rays it will be 
possible to decide also for other elements which lines 
are emitted by isolated atoms and which are due to more 
complex systems. And as these spectra are very simple 
we may hope that relations in those spectra will be found 
for which no such relations have yet been discovered till now: for 
instance, in the spectrum of iron; but my experiments in this direction 
are not yet sufficiently advanced to say anything definite about it. 

All lines of anode rays which were studied are found to give the 
Doppler effect; by means of this effect we measured, for instance, the 
velocity and ratio of e by m of sodium rays, and found a mass equal 
to that of the sodium atom. 

I may mention that, when canal rays are moving towards the 
observer, one finds two spectrum lines instead of one. One of these has 
the ordinary wave-length and one is shifted towards the violet ; in Ger- 
man called by Stark ‘die ruhende Intensitaét ’ and ‘ die bewegte In- 
tensitit.’ 

The explanation of the shifted line is given by the theory of the 
Doppler effect; but the origin of the ‘ ruhende Intensitat’ is prob- 
lematic, and many and not very satisfactory theories are made about it. 

For the solution of the problem of the unshifted line a result may be 
important which I found in the Doppler effect of the rays from the 
alkaline earths. The spectrum of Sr-rays shows one isolated line and 
two pairs. The surface of the anode emits only the isolated line; the 
other lines only appear in the ray itself. And in observing the Doppler 
effect one finds that only the isolated line shows both the shifted and 
unshifted lines; the first being emitted by the ray, the second by the 
surface of the anode. The pairs only show the shifted lines, and not 
the unshifted. 

In the case of canal rays there are always the same lines emitted by 
the ray and the surrounding gas, so it seems to be quite natural to find 
both the shifted and unshifted lines. 

Here, in the case of anode-rays, the ray emits lines different from 
those of the gas, and so one finds, as to be expected, only the shifted lines. 


Fic. 5. 
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On Threefold Emission-Spectra of Solid Aromatic Compounds. 
By Professor E. GOLDSTEIN. 
[Ordered by the General Committee to be printed in extenso.] 


SOME years ago I observed ' that bright, fluorescent, and phosphorescent 
light is emitted by a number of aromatic solid compounds—for example, 
naphthalene, xanthone, anthracene, &c.—if cathode-rays strike on 
these substances, cooled by liquid air for preventing their evaporation 
and decomposition. In this way I was also able to obtain bright-light 
emission from a great many substances, which at an ordinary tempera- 
ture are liquid bodies—for example, benzene, the three xylenes, benzo- 
nitrile, the chinolines, acetophenone, &c. The light emitted by these 
substances gave bright discontinuous spectra of a great variety, all 
consisting of bands of various width and intensity. 

Since that time I have extended this research on nearly all aromatic 
substances which I could obtain in any way, and have thus obtained 
about two thousand emission-spectra of aromatic substances and of 
mixtures of such substances with other bodies. 

Of course, time does not allow me to give a complete report of this 
work. Here I just want to speak about one result of my experiments. 

In the beginning I was satisfied to observe just a single spectrum 
for each substance, because it was thought that every substance could 
emit only one single spectrum. But soon I found that the complexity 
of phenomena is much greater than it seemed at first sight. For each 
substance does not show only one spectrum, but, according to the 
conditions of the experiment, there appear three spectra, which are 
quite different from each other and have no coincident maximum. I 
call these three kinds of spectra respectively the initial-spectrum, the 
chief-spectrum, and the solution-spectrum of the substance. 

At the first moment, when cathode-rays fall upon the substances, 
there appears quite alone and bright the spectrum which I call the 
initial-spectrum. Then the brightness of the initial-spectrum diminishes 
and gets fainter and fainter till its intensity becomes very small, but it 
never entirely disappears. When the initial-spectrum gets fainter, the 
chief-spectrum at the same time appears and grows brighter and 
brighter. The chief-spectrum is for a great number of substances so 
characteristic that it is possible to recognise the substance in this way 
at a glance and without measuring the wave-lengths, just as you can 
recognise nitrogen by its well-known bands, or hydrogen, mercury, and 
helium by their line-spectra. This is even the case with isomeric sub- 
stances, for one is able to distinguish at a glance, for instance, the 
three isometric xylenes or other isometric aromatic hydro-carbons. The 
third kind of spectra, which is quite different from the two others, 
appears if an aromatic substance is dissolved in any other liquid or 
melted compound and the solidified solution is exposed to cathode-rays. 

Now let me just say a few words on the properties of each of the 
three kinds of spectra. 

The chief-spectra always begin from the infra-red, never reach the 
violet end of the visible spectrum, but end about the middle part of 


' Verhandl. d. Deutsch. Physik. Ges., vi. 156 and vi. 185 (1904). 
1909. K 
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it in the green or in the blue, sometimes even in the yellow. I never 
observed that a chief-spectrum passes the wave-length of 460. The 
chief-spectra consist of narrow-channelled bands, which nearly always 
have their sharper boundary toward the violet end of the spectrum. 
The number of the bands varies within a wide range for the different 
substances between a few strips and several dozen. The distances 
between them appear generally irregular. The substances, when they 
send out their chief-spectrum, look red or yellow or green, or of any 
other tint which occurs with fluorescent minerals or inorganic salts. 
On the other hand, the light which is emitted during the first 
moments of radiation and belongs to the initial-spectrum is—at least, 
for colourless substances—always blue. The discontinuous iitial- 
spectra of two substances are, like their chief-spectra, never quite 
the same, but as in their general appearance they are rather similar to 
each other, at least in the visible part of the spectrum, so one cannot 
recognise a substance at a glance by its initial-spectrum as one can 
by the chief-spectrum, but measures of its wave-lengths are neces- 
sary. The initial-spectra begin always like the chief-spectra in the 
red, but not only reach into the green or blue, but go on into the 
ultra-violet. One type of initial spectra occurring especially frequently 
invariably consists of siz groups of bands. Hach of the six groups is - 
formed by the same number of strips at the same relative distance and 
intensity; and as the relative distance of the groups themselves is also 
not very different—at least in the prismatic spectrum—the whole spec- 
trum gives the impression of having a very high regularity. Such 
spectra, consisting of six groups, with different wave-lengths for each 
individual substance, are, for example, the initial-spectra of mesitylenic 
acid, of metatoluic acid, of the anhydride of benzoic acid, of toluene and 
of its halogen substituted derivates—and of many other substances, 
especially of those aromatic bodies whose molecules contain a single- 
ring group. 

In the groups which contain two or even more benzene rings, and 
especially in condensed substances, one finds also other types of initial- 
spectra, all extending from red into the ultra-violet, which I will not 
speak of in this short report. 

The third spectrum of aromatic compounds is shown in very charac- 
teristic forms especially by dissolved compounds of the condensed type ; 
for instance, by naphthalene and most of its derivates. The chief 
spectrum of naphthalene shows the wave-lengths 

589 (very bright) 589 (very bright) 

555 615 (probably a doublet) 

560 630 

573 648 
} 539 and 589 mark sharp boundaries on the violet side, the other wave- 
lengths belong to the middle of narrow strips. 

The spectrum of the same naphthalene, if dissolved in monochloro- 
benzene (which itself gives only a faint and almost continuous spectrum) 
shows the following wave-lengths (all for the middle of the narrow 


strips) :— 
517\ 


473) 3 505 | nother brie ES ist) Pu oe 
483 } bright ait rather bright 528 { rather faint 5451 565 rather faint 
582 faint. 
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Beyond this last strip the illuminated ground cannot be separated 
distinctly into strips. 

‘One cannot, however, speak of a single solution-spectrum of a body, 
as the solution-spectrum of the same substance varies greatly with the 
solvent. 

The solution-spectrum of naphthalene, for example, shows 
differences, if the naphthalene has been dissolved in metaxylene or in 
orthoxylene or in paraxylene. Therefore, if one substance shows 
remarkable differences in isomeric solvents, one cannot wonder that the 
solution-spectra of the same substance show even much greater 
differences if more different solvents are used; for instance, if we 
compare the solution-spectra of the same substance when dissolved 
either in a xylene or in aniline, pyridine, ethyl-alcohol, and ethyl-ether. 

On the other hand, each condensed compound and its derivates, 
even in the case of isomers, show an individual solution-spectrum. 
The chief spectrum of the §-bromonaphthalene presents a similar aspect 
to the chief spectrum of the a-bromonaphthalene. But the solution- 
spectra of the two substances, for example, in monochlorobenzene, are 
very different. The solution-spectrum of the a-substance is of a similar 
type to the solution-spectrum of naphthalene itself, presenting only an 
appearance of a certain regularity by the occurrence of some doublets, 
while the solution-spectrum of the 6-form is of a quite different type, 
and shows a most regular structure. It consists of four bands, of quite 
equal aspect, extending from the red into the blue. Each of the four 
bands is formed by five narrow strips, the relative distance and intensity 
of which is quite corresponding in all bands. 

The light of the chief-spectra is fluorescent, and disappears at the 
moment when the cathode-rays stop. 

The light of the solution-spectra is phosphorescent, and very often 
one can see it for some minutes after the discharge which produces the 
cathode-rays is interrupted. 

Only very small quantities of a substance are necessary to produce 
a solution-spectrum bright enough to be remarked and to be measured. 
For example, one can detect in this way less than the hundred thou- 
sandth part of naphthalene dissolved in monochlorobenzene or in 
methylbenzoic ester. 

Of course these phosphorescent solution-spectra are, on the other 
hand, a very sensitive test for the purity of aromatic substances, or, 
what is the same, a very sensitive means of detecting very small 
quantities of admixed foreign aromatic substances. And I am sorry to 
say that, among many hundreds of preparations of the best obtainable 
‘purity,’ the specimens which did not show very marked signs of im- 
purities could be counted on the fingers of one hand, if there were any 
at all. 

I spent much time and money in getting even very small quan- 
tities of certain substances really pure; for example, diphenyle, 
indene, carbazole, fluorene, and other condensed compounds, and some 
of the most famous chemists helped me kindly by the best known 
methods ; but at last I had to give up the hope of getting any of these 
substances in pure condition. Until now they have never been pro- 


duced in a really pure state, and I fear that the same holds true for all 
other aromatic bodies. 
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Some Properties of Light of very Short Wave Lengths. ° 
By Professor THEODORE LyMAN. 


[Ordered by the General Committee to be printed in extenso.] 


THE most refrangible region of the spectrum discovered by Schumann! 
is interesting from two points of view. On the one hand, it affords a 
new field for the investigation of pure spectroscopy, and, on the other, it 
offers opportunities for the extension of the study of photo-chemical and 
photo-electric phenomena. 

In the realm of spectrum analysis something has already been accom- 
plished. Absorption and emission of light by hydrogen, oxygen, 
nitrogen, carbon monoxide, carbon dioxide, argon, and helium have been 
investigated and the absorption of a considerable number of solids has 
been studied. 

The absorption of gases is perhaps the most striking phenomenon to 
be found in this region. One millimetre of air at atmospheric pressure 
is quite sufficient to absorb most of the light of shorter wave length than 


1700 Angstrém units. The oxygen of the air is the chief agent in pro- 
ducing the effect, for this gas possesses a strong absorption band extend- 
ing from nearA 1800 to the neighbourhood of A 1300. The discovery 
of the more refrangible limit of this band is one of the recent results in 
this subject.? 

Hydrogen, argon, and helium when examined in short columns all 
prove perfectly transparent, while the absorption produced by nitrogen 
is extremely slight. | Carbon monoxide and carbon dioxide, however, 
each possess absorption spectra characterised by narrow bands. 

The behaviour of oxygen is obviously different from that of other 
simple gases. This difference may be attributed to a photo-chemical 
reaction typical of this gas. 

From the point of view of the emission of light, hydrogen is the most 
important of the gases examined.* It possesses a strong spectrum, very 
rich in lines extending from » 1650 to 4 1030. This spectrum is much 
weakened when capacity is introduced in the discharge circuit ; it seems 
to correspond to the ‘secondary’ or ‘many line’ spectrum of 
hydrogen in the less refrangible region, but it is not continuous with 
it. Lines of the ‘ primary’ or Balmer type do not appear to exist 
in the region between A 2000 and 41250. This is to be expected from 
theoretical considerations, for the chief series as given by Rydberg‘ 
lies on the less refrangible side of A 2000, and the chief series as given 
by Ritz * lies on the more refrangible side of \ 1250. It seems prob- 
able that the first line of the series predicted by Ritz does exist, but 
so far experimental difficulties have prevented its identification. 

Next in importance is the spectrum produced by carbon monoxide; 
exactly the same spectrum is given by carbon dioxide. It consists of 
a large number of bands, whose heads point toward the violet and whose 


1 Smithsonian Contributions to Knowledge, No. 1413. 

2 Astrophysical Journal, vol. xxvii. No. 2. 

8 Tbid., vol. xxiii. No. 3. 4 Tbid., vol, vi. p. 233. 
5 Ann. d. Physik, v. 25, 1908, p. €67. 
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tails stretch toward the red. This spectrum resembles the fourth group 
of Deslandres,! and appears to form a continuation of it. The bands 
extend from the region \ 2600 to X 1300; they afford a wide field for 
a test of Deslandres’ law. 

The spectrum of argon consists of a considerable number of 
characteristic lines extending from A 2000 to the limit of the spectrum. 

Up to the present time it has been impossible to attribute any lines 
to helium, to oxygen, or to nitrogen, in that part of the spectrum more 
refrangible than 1850. 

A great number of solids have been examined, with the hope of 
finding some substance more transparent than white fluorite.? The 
results have been negative. Rock salt in thicknesses of one or two mil- 
limetres begins to absorb strongly in the neighbourhood of A 1750. 
B.O; is even less transparent.* Quartz in thickness of 2 mm. absorbs 
strongly at X 1500, and the absorption increases rapidly with thickness ; 
even white fluorite becomes opaque near A 1250. It was the opacity of 
fluorite which set the limit to Schumann’s progress in the extreme 
ultra-violet. It was by the removal of all fluorite from the light path 
and by the use of a grating, that the writer has been able to extend the 
spectrum to its present limit—ad 1030. 

It is interesting to note that the positions of the absorption bands 
demanded by Maclaurin’s * dispersion formula for rock salt and fluorite 
lie in the neighbourhood of A 1265 and A846 respectively ; while on the 
experimental side strong absorption appears to begin near » 1750 for 
rock salt and near X 1250 for fluorite. 

The investigation of the spark or arc spectra of solids has met with 
very little success. Apart from a few lines in aluminium extending into 
the neighbourhood of A 1650 almost nothing has been accomplished.°® 
The difficulties are obvious. It is necessary to produce a spark or arc 
in such a manner that the light characteristic of the substance in question 
may enter the vacuum spectroscope without suffering absorption. The 
high potential arc * has been tried in this connection, but without result. 

On the photo-chemical side of the subject the well-known action of 
light in producing ozone is perhaps the most conspicuous phenomenon. 
The fact of importance to be deduced from a study of the Schumann 
region relates to the rapid increase of this effect with decrease in wave 
length. The very wave lengths which are most strongly absorbed by 
the air are those which are most active in the production of ozone.’ It 
seems probable, therefore, that the strong absorption of oxygen is con- 
nected intimately with this photo-chemical action. 

The formation of ozone may play a considerable part in determining 
the relative velocity of the ions produced by ultra-violet light. 

In photo-electric phenomena it is well known that for many sub- 
stances the discharge of negative electricity becomes more pronounced as 
the wave length of the exciting light is decreased. In the Schumann 
region this effect becomes very striking, as the following experiment will 
serve to indicate. 


1 Compt. rend., V. cvi., 1888, p. 845. * Astrophysical Journal, vol. xxv., No. 1. 
3 Tbid., vol. xxviii. No. 1. 4 Proc. Roy. Soc., A, vol. 81, p. 367. 

5 Kayser, Handbuch, vol. iii. p. 339. 6 Physical Revien, vol. v. p. 1. 

7 Astrophysical Journal, vol. xxvii. No. 2, p. 98.| 
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A discharge tube of the type usually employed by the writer is 
closed by a fluorite window, and upon this window is mounted an air- 
tight ‘ screen chamber ’ 1 cm. thick, also closed by a fluorite window, 
which communicates with an air-pump. Above the ‘ screen chamber ’ 
is the air-tight condenser chamber, which may also be exhausted. 
This last chamber contains a clean zinc plate, 9 mm. in diameter, aud 
below it a brass guard ring. The apparatus is so constructed that the 
light from the discharge tube, after passing through the screen chamber, 
falls directly on the zine plate; the brass ring is protected from illu- 
mination and is earthed. The zine plate is connected to a gold-leaf 
electrometer of the simplest type, and is given a negative charge. The 
discharge tube is filled with a mixture of hydrogen and carbon monoxide, 
at about 2 mm. pressure, and the condenser chamber is exhausted. 
Now, if the screen chamber is filled with air at 1 atmosphere pressure, 
on starting the discharge tube the leaves of the electroscope collapse 
slowly. On the other hand, if the screen chamber is exhausted to about 
1 mm. pressure, on starting the discharge tube the leaves of the electro- 
scope collapse almost instantly. The phenomenon is so striking that the 
simplest electric arrangements serve to show it. 

It is known from spectroscopic measurements that the spectrum of 
a mixture of hydrogen and carbon monoxide consists of a great number 
of lines and bands extending from the region of the visible to the limit of 
the spectrum as set by fluorite— 1250. It is also known that a layer 
of air, at atmospheric pressure, 1 cm. thick, absorbs all wave lengths 
shorter than A 1750 very strongly, and that a layer of air at 1 mm. 
pressure, 1 cm. thick, shows little absorption until the region of » 1300 
is reached. Thus when the ‘‘ screen cell ’’ is filled with air, light from 
the red end of the spectrum—near \ 6800 to A 1750—falls upon the 
zine plate; when the cell is exhausted light from the visible to % 13800 
falls on the plate. The addition of the region between \ 1750 and 
A 1300 increases the leak by at least tenfold. Thus it seems probable 
that the photo-electric effect for zinc increases rapidly with decrease in 
wave length as the limit of the Schumann region is passed. It is the 
rapidity of this increase which is the striking point. 

In the volume ionisation of gases the same state of things holds true. 
Lenard investigated the phenomenon, and lately Professor Sir J. J. 
Thomson has proved its reality. The amounts of ionisation obtained 
were, relatively speaking, small. It appears, however, that if care is 
taken to employ light of the shortest wave length, the ionisation obtained 
is quite considerable.! Here again the rapidity of the increase of the 
effect as the Schumann region is entered is the important point. 

This phenomenon of volume ionisation in its relation to short wave 
lengths has some bearing on the behaviour of vacuum tubes, and 
accounts for a part of the effects usually attributed to ‘ Entladung 
strahlen.’ ? 

Such, in brief, are the results which have been obtained in this small 
but interesting spectral region. A complete description of the apparatus 
which has been used and the methods which have been employed is to 
be found in the articles to which references have been made. 


' Astrophysical Journal, vol. xxviii. No. 1, p. 56; Nature, April 23, 1908, p, 582. 
2 Astrophysical Journal, vol. xxviii. No. 1. 
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Dynamic Isomerism.—Report of the Committee, consisting of 
Professor H. BE. Armstrrone (Chairman), Dr. T. M. Lowry 
(Secretary), Professor SypNEy Younc, Dr. C. H. DkEscH, 
Dr. J. J. Dossiz, Dr. M. O. Forster, and Dr. A. Lap- 
worTH. (Drawn up by the Secretary.) 


Dynamic Isomerism in relation to Luminous Phenomena.* 


A. Absorption Spectra. 


Durina the past year two series of investigations on ‘ The Relationship 
between Absorption Spectra and Isomeric Change ’ have been completed 
and published.? Attention may now be directed to the decisive evidence 
adduced in these communications that the presence or absence of a 
band in the absorption spectrum of a camphor-derivative is in no way 
dependent on the occurrence or non-occurrence of isomeric change. 

(1) Nitrocamphor, which changes rapidly in neutral alcoholic solu- 
tions, does not give rise to an absorption band * even when the isomeric 
change is stimulated by the addition of an acid. Very strong bands are 
observed in the spectra of solutions of salts of nitrocamphor ; yet these 
salts are not known to exist in more than one form. 

(2) a-Chlorocamphor, on the other hand, which changes only in the 
presence of an alkali, exhibits a strong band in neutral and in alkaline 
solutions indifferently, the band being only slightly intensified by the 
addition of an alkali. 

(3) The B- sulphonates derived from a-chlorocamphor also undergo 
isomeric change only when an excess of alkali is added ; but this has the 
effect of weakening instead of intensifying, the absorption bands which 
are produced by neutral solutions of these salts. 

(4) In the case of the isomeric a- and #-bromo-derivatives of a 
methyl-camphor, it is found that the methyl-camphor band is not apparent 


k /CRCHs 
in the B-compound C,H),Br Sy , but is in the a-compound 
CO 
We Br.CH; 
C,H, Sas , in spite of the fact that the former contains a dis- 


placeable a-hydrogen atom, and that no such atom is present in the 
latter, which therefore is unable under any condition to undergo keto- 
enolic isomeric change. 


The decisive experiments that have been made with these optically- 
active substances have an important bearing on the general theory of the 


! The general discussion which follows is an amplification in the light of more 
recent evidence of considerations which were advanced by Armstrong in 1902 and by 
Armstrong and Lowry in 1903 (Proc. R.S., 72, 258-264) in a paper bearing these 
words as its sub-title. 

2 Trans. Chem. Soc., 1909, 95, 807-823; 1340-1346. 

’ The ‘shallow band’ referred to in the previous report was found to be merely a 
‘step-out,’ the effect of which had been exaggerated by under-exposure, 
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origin of colour in carbon-compounds. Broadly speaking, two alternative 
conceptions have been advocated. On the one hand, it has been suggested 
that the selective absorption of light by coloured compounds is due to a 
peculiar structure of the molecule and that certain types of structure 
in which ethenoid linkages and other unsaturated centres are present 
are specially susceptible to the ‘ optical resonance ’ which is universally 
recognised as the cause of the absorption of light by vapours and is 
probably also the cause of the less abrupt absorption of light by liquids 
and solids. On the other hand, it has been suggested that colour is due 
not so much to molecular structure as to change of structure, and that 
only those molecules which are capable of existing in isomeric forms, 
and may, therefore, be supposed to be in a state of continued oscillatory 
isomeric change, are capable of resonating to light of definite periodicity. 
This theory was introduced by Hewitt* to account for fluorescence; it 
was applied by Armstrong and Lowry ? in explanation of the storage of 
energy in phosphorescent and in triboluminescent substances, and has 
been put forward by Baly and Desch? and by Baly and Stewart‘ as 
an explanation of colour in organic compounds; it has also been used 
by Baeyer * and by Green ® to account for the specially intense colour 
of some of the derivatives of triphenylmethane. 

Two different types of isomeric change have been specially considered, 
namely— 

(1) Isomeric changes involving the oscillatory transference of an 
atom of hydrogen from carbon to oxygen as in ethylic acetoacetate, from 
nitrogen to oxygen as in isatin, and from oxygen to oxygen as in p- 
nitrosophenol. 

(2) Changes involving only a rearrangement of the bonds in the 
molecule without any substantial alteration in the relative positions of 
the atoms, as, for instance, in Kekulé’s well-known hypothesis, in which 
an oscillation of the linkages in benzene was assumed to take place in 
order to account for the identity of the 1:2 and 1:6 diderivatives. 

Changes of the former kind have been carefully investigated in 
several typical compounds and have been found (in direct contradiction 
to Laar’s hypothesis of tautomerism) to be subject to the ordinary laws 
governing chemical change. The occurrence of change of the latter 
type is at present purely speculative, as no case is known in which the 
occurrence of such a change has been demonstrated; but, in view of the 
extreme stability of the linkages in compounds such as the sugars, it 
is exceedingly probable that if ever an example of the second type of 
change be discovered, it will be found to obey the same laws, and to 
be governed by the same conditions as those which obtain in isomeric 
changes of the first type. 

The most important consequences of the application to luminous 
phenomena of considerations based upon the ordinary laws of chemical 
change are perhaps those concerning the effects produced by the pre- 
sence of foreign substances, and by the change from the fluid to the 
solid state. 


' Proc. Chem. Soc., 1900, 16,3; Zit. phys. Chem., 1900, 24, 1. 
* Proc. Roy. Soe., 1908, 72, 258-264. 

’ Trans. Chem. Soc , 1904, 85, 1029; 1905. 87, 766. 

‘ Thid., 1906, 89, 502. 5 Annalen£1907, 354, 152, 
5 Proc. Chem. Soe,, 1908, 24, 206. 
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B. Catalytic Action of Impurities. 


It cannot be insisted too strongly that no actual case of ‘ intramole- 
cular change’ is known to chemistry. The part which a chain or 
circuit of molecules plays in bringing about chemical action is now very 
generally recognised; it is unnecessary to do more than mention, as 
instances, the part played by moisture in determining the combusti- 
bility of gases, the importance of impurities in conditioning the dis- 
solution of metals by acids and the need of a catalyst to bring about 
the isomeric change of phenylchlorimide; it is, however, permissible to 
emphasise the fact that neither the dissociation of a molecule of am- 
monium chloride nor the transference of a hydrogen atom from carbon 
to oxygen in a molecule of nitrocamphor—changes which, if such a 
thing were possible, might be expected to provide excellent examples of 
single-molecule transformations—can be effected without the aid of a 
foreign substance, and the establishment of a complex heterogeneous 
molecular circuit. It is therefore legitimate, in considering the con- 
nection between luminous phenomena and chemical change, to apply 
as a critical test to any particular relationship that may be proposed 
the question as to whether the action can or cannot be arrested by the 
elimination of impurities. If the phenomenon can be proved to be 
manifest only in presence of a catalyst, not when pure materials are 
used, there is good evidence that it may be dependent on chemical 
change; if the effect can be proved to be independent of impurities, it 
must be regarded as inherent in the physical nature of the material. 
Positive evidence that the presence of a catalyst is essential has been 
forthcoming in the case of the phenomena of mutarotation and in the 
case of phosphorescence, as both manifestations may be arrested by 
suitable methods of purification ; these may, therefore, be correctly attri- 
buted to chemical rather than to purely physical changes. Refraction, 
dispersion, and optical rotatory power, on the other hand, are properties ~ 
which do not appear to be dependent in any way on the presence of 
foreign substances and must therefore be referred to physical and not 
to chemical characteristics of the molecule. In an intermediate group 
may be placed (1) colour, (2) fluorescence, and (3) triboluminescence ; 
it is in reference to these three phenomena that controversy and discus- 
sion have for the most part been carried on. 

Of the three phenomena quoted, that of triboluminescence is the one 
in which the clearest evidence is available, crystals of saccharin, for 
instance, showing the phenomenon very irregularly, highly purified 
crystals giving no ‘ flash’ whatever'; there is, therefore, good reason 
to adhere to the view put forward in 1903 that the flash of light which 
appears when the crystal is crushed is due to the sudden liberation of 
chemical energy stored in the crystal, for instance by the separation 
of a certain quantity of a labile form during rapid crystallisation. The 
case of fluorescence is less clear, as no investigation of a critical 
character on the influence of impurities in determining fluorescence 
appears to have been carried out. _It is therefore impossible at pre- 
sent to do more than to point out that fluorescence is often manifest 

only under special chemical conditions, e.g., in presence of an alkali, or 


' See Armstrong and Lowry, loc. cit., p. 261, 
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after dissolution in concentrated sulphuric acid*; these conditions are 
often precisely those which determine the occurrence of oscillatory 
isomeric change: it is therefore permissible to adhere provisionally to 
the theory that fluorescence is dependent on change of structure until 
definite evidence to the contrary is forthcoming. 

The phenomenon of colour is on an altogether different footing, since 
exliaustive experiments have frequently been made in the hope of 
removing colour by careful purification of the material. These experi- 
ments have led to results of two types: in the case of some compounds, 
such as picric acid and p-nitrophenol, the colour of the crude material 
has actually been removed by purification or by crystallising out under 
special conditions; in the case of other compounds, such as quinone and 
o-nitrophenol, no indication whatever has been obtained which would 
even suggest the possibility of bleaching the compound. It is therefore 
impossible to resist the conclusion that colour, in the case of the latter 
group of substances, is an essentially physical phenomenon of the same 
general type as the closely related phenomenon of refraction and that 
it does not depend on any fluctuation of structure to which the ordinary 
laws of chemical change can be applied. The case of substances which 
can be rendered colourless by suitable methods of purification requires 
further consideration : it might be suggested that an impurity is able to 
develop colour throughout the material in much the same way as that 
in which the phosphorescence of calcium sulphide is developed by the 
combined action of a trace of bismuth and a trace of a sodium salt,” 
but the view that has been universally adopted is that the mass of the 
material is merely stained by a trace of some highly coloured dye-stuff 
and is itself essentially colourless ; it is indeed frequently an easy matter 
for an experienced eye to detect the staining-process by the feeble and 
variable development of colour which it produces, as contrasted with the 
intense and uniform colour of materials which are in themselves absorp- 
tive. If this view be adopted, it is clear that in these cases also the 
colour is due, not to change of structure in the original material, but to 
some characteristic absorptive-power inherent in the (fixed) structure of 
the staining material. 

Note in reference to ‘ stained materials.’—In considering the pro- 
perties of stained materials it is important to distinguish three cases. 
Sometimes the stain is produced exclusively during the preparation of 
the substance, and may be permanently removed by distillation, by 
contact with animal charcoal or by similar straightforward methods. 
There are, however, many substances which cannot be purified in this 
easy way, since they undergo change continually in contact with the 
air and give rise persistently to coloured oxidation-products (e.g., indigo- 
blue from indigo-white); in such instances purification can only be 
effected under special conditions, and a material partly bleached by 
purification may easily revert to its original colour if the essential pre- 
cautions are in any way relaxed. The third case, in which the 
substance undergoes reversible chemical change, is more puzzling than 
either of the others, and may easily give rise to erroneous conclusions. 
Fortunately, the conditions governing such cases are now well under- 


A : Few and Tervet, ‘Oxonium Salts of Fluorane,’ Trans. Chem. Soc., 1902, 
, 664, 


2 Ne Visser, Rec. Trav. Chim., 1901, 20,'435; 1903, 22, 138, 
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stood, as may be shown by referring to some of the examples that have 
been most fully investigated. It is, for instance, generally recognised 
that reversible isomeric change may occur in such a way as to involve 
the interconversion of a coloured and a colourless isomeride.' Usually 
both will be present in solution but, on crystallising out, one form only 
will separate in an approximately pure condition; in some instances, 
however, the two forms are capable of crystallising with such equal 
readiness that it is possible to separate out the coloured or the colourless 
form at will by varying the solvent? or the temperature of crystallisa- 
tion * ; even when this cannot be done it is often found that rapid crystal- 
lisation causes the separation of a mixture of the two isomerides. 
It is then only necessary to assume that the two forms of the substance 
are endowed with the property of forming isomorphous mixtures or 
solid solutions, in order to realise the conditions for the production of 
stained crystals of absolutely constant colour-intensity, since it will 
follow (in accordance with a general law) that the constancy of the 
equilibrium-proportions in the liquid state will be reproduced in the 
crystals, although the actual ratio of the two components need not be 
the same in the two phases. Reversible polymeric changes involving 
the inter-conversion of coloured and colourless compounds are familiar 
in the cases of nitrogen peroxide and the colourless (bimolecular) and 
blue (unimolecular) forms of ter-nitrosobutane*; here again it would 
probably only be necessary for the two forms to be isomorphous, in 
order to give rise to stained crystals of uniform composition and constant 
intensity of colour.® 

The importance of these examples consists in the fact that they pro- 
vide forthe production of stained crystals from which the colour could 
only be removed by the discovery of methods even more refined than 
those which are required on the one hand to arrest isomeric change in 
solution and on the other to effect the separation of isomorphous mixture. 


C. Crystallisation in Relation to Lwminous Phenomena. 


Since chemical change is usually-checked, if not actually arrested, 
on passing from the gaseous or liquid to the solid state, it is clear that 
this should exert a most important influence on any luminous properties 
which depend for their development on the chemical rather than on the 
physical activity of the molecule. This is clearly seen in the case of 
triboluminescence, phosphorescence, and fluorescence, whilst colour may 
be quoted as an illustration of an optical phenomenon which is not 
affected in any marked degree by change of state. 


1 This point is in itself sufficient to dispose of the idea that the development of 
colour is due to oscillatory isomeric change, since if this were the case the separate 
isomers must necessarily be colourless and only the mixture coloured. 

2 #4g., isonitrosomalonanilide, Whiteley, Zrans., 1903, 83, 34. 

% Hg., p-methoxyphenylphthalimide, Piutti and Abati, Ber., 1903, 36, 1000. 

* Bamberger and Seligman, Ber., 1903, 36, 689. 

5 Equilibrium between colourless and coloured forms has also been postulated as 
attending certain cases of ionisation (e.g., violuric acid has been supposed to acquire 
its characteristic colour only on passing into the ionised state), but the development 

_of colour is usually due to a change of structure of the kind that has already been 
considered and in any case the extension of the theory of ionisation to the staining 

_ of a colourless crystalline compound by its own ions would be too bold a conception 
to merit serious consideration. 
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Phosphorescence.—The storage of energy by phosphorescent bodies 
is apparently confined to the solid state, though in this category it is 
necessary to include both vitreous and crystalline solids. Its gradual 
liberation finds a close analogy in the slow discharge of the residual 
current from a Leyden jar, and both processes may be regarded as 
depending on the retarded electrolysis of a viscous medium. It is note- 
worthy that a great number of compounds which are not phosphorescent 
at ordinary temperatures become so at the temperature of liquid air,* and 
that conversely the after-glow of many substances which are phos- 
phorescent when cold, disappears when they are heated. In other 
cases the energy stored up in the crystal is liberated in the form of light 
only on warming (thermophosphorescence) or on crushing the crystal 
(triboluminescence or tribophosphorescence). In all these cases the limi- 
tation of the phenomenon to the solid state and the profound influence 
exerted by temperature changes are fully in accord with the view that 
the energy is stored by means of reversible chemical change, being 
released only when the rigidity of the material is sufficiently relaxed to 
permit of electrolysis and chemical change.* 

Fluorescence, like phosphorescence, is profoundly influenced by the 
state of aggregation of the material. It is of frequent occurrence in 
liquids, including solutions in concentrated sulphuric acid, dilute alkalis, 
water and organic solvents; it is very rare indeed amongst solids. 
Indeed, in spite of the existence of a few well-known exceptions (anthra- 
cene, uranium salts, etc.), itis probable that out of a total of some two thou- 
sand fluorescent substances, less than one per cent. are fluorescent in the 
solid state. There is therefore ample support to be found for the view that 
fluorescence is due to oscillatory chemical changes of the same general 
character as those which take place in solutions of nitrosobutane or 
enitrocamphor, since these are usually (but perhaps not invariably) 
arrested on passing from the liquid to the solid state. This view is also 
strongly supported by the close relationship which has been proved to 
exist between fluorescence and phosphorescence. Thus Wiedemann has 
shown * that eosin, fluorescein, aesculin, quinine sulphate, etc., show a 
weak after-glow when the solutions are rendered plastic by gelatine 
and a little glycerine, that they become definitely phosphorescent when 
the solution is ‘set’ with gelatine, and that a still stronger phos- 
phorescence is developed when glue is used. Observations of this kind 
indicate clearly that phosphorescence is essentially identical with 
fluorescence and differs from it only in the fact that the energy absorbed 
during insolation is liberated gradually instead of instantaneously : it is 
therefore legitimate to argue that the strong evidence, obtained in- 
dependently, that these two phenomena are due to reversible chemical 
change, becomes doubly strong when they are proved to be merely two 
varieties of the same type of activity. It may also be pointed out that 
recent attempts to correlate fluorescence with colour, by introducing the 
ideas of ‘ fluorophor ’ and ‘ fluorogen’ groups (compare ‘ chromophor ’ 
and ‘ chromogen ’) do not rest on any direct experimental basis (a sub- 


1 Dewar, Chem. News, 1894, 70, 252-253. 
? Wiedemann and Schmidt, Wied. Ann., 1895, 56, 201-244. 


e 
® The relaxation of molecular forces during crushing is well illustrated by Beilby’s 


work on the flow of metals during polishing and under the influence of mechanical 
forces generally. 
* Wied. Ann., 1888, 34, 446-163. 
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stance may retain its colour and lose its fluorescence by crystallising out 
from solution), but on a mere analogy, the value of which is highly 
problematical. 

Colour.—In contrast to these cases it is noteworthy that colour is not 
as a rule affected in any marked way by crystallisation. Certainly the 
passage from the liquid to the solid state is accompanied by nothing at 
all analogous to the abrupt bleaching which would almost inevitably take 
place if colour were really due to any concrete form of oscillatory chemi- 
cal change, and which forms the most commonplace of observations 
when dealing with fluorescent colour. It is indeed true that colour is 
often intensified at high temperatures and reduced by cooling, but these 
alterations proceed continuously ; in this respect they are in direct con- 
trast to the abrupt arrest of chemical change which takes place when 
nitrogen peroxide is frozen or when nitrocamphor is crystallised out from 
solution ; there is therefore nothing here to justify the contention that 
colour is due fo chemical change rather than to oscillations or vibrations 
of a ‘ physical ’ character not involving any real alteration of structure. 
On the contrary, the effects of crystallisation are such as to confirm the 
conclusions arrived at from general considerations and from the effects 
produced by impurities that colour, unlike phosphorescence and fluor- 
escence, is a physical phenomenon in which chemical change plays no 
essential part. 


The Study of Isomorphous Sulphonic Derivatives of Benzene.— 
Report of the Committee, consisting of Principal MIERs 
(Chairman) and Professors H. E. Armstrona (Secretary), 
W. J. Pope, and W. P. WYNNE. 


In continuance of previous work a number of members of several series 
of sulphonic derivatives of para-dihalogen derivatives of benzene have 
been prepared and crystallographically examined. The substances for 
which data are given below crystallise in the monosymmetric system :— 


Br 
(Be ERIS der) Melting point 
S0,Cl 
1. 24760 : 1 : 1:1439, B=95° 26’ . ; : + Tele} 
Br 
Br 
SO,Br 
2 2°4792 : 1: 111448, B=96° 49’ . : . . 114°. 
Br 
I 
£0,Br 
3. 24689 : 1 3 1:1537, B=95° 50’ . ; ’ » 102°, 


Cl 
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I 
$0,C1 
4. 0-8552 :1706876,B=95°29. . » ~—- «182°. 
i 
I 
80,Cl 
5. 07288 : 1 2 0°6544, B=99° 42’ . 3 3 - 69°. 
a 
Br 
‘ SO,NHPh 9.9576 : 1 : 08364, B=99° 30’ ee 
; (labile form) ake EG 
Br 


The following compound crystallises in the orthorhombic system :— 
Br Melting point. 


~ ‘ 
SO,OEt 
if OH90Es 1: O6257 =. .0. ain 2 eee 


br 


The substances numbered 1, 2, and 3 form a well-defined isomorphous 
series as is immediately indicated by the close approximation of the 
axial ratios quoted. The compounds 4 and 5 differ entirely in crystalline 
character from the foregoing but the similarity of the ratio ¢/b in the 
two cases suggests an intimate morphotropic relation as existing between 
their crystalline structures. 

In a series of papers Barlow and Pope have pointed out that the 
whole space occupied by a crystalline substance can be conveniently 
regarded as parcelled out amongst the various atoms composing the 
material and have shown that this mode of treatment leads to the con- 
clusion that the volumes thus allocated to atoms of different elements 
are, in any one substance, approximately proportional to their valencies. 
A crystallme substance is thus to be regarded as a close-packed assem- 
blage of spheres of atomic influence in which each of the latter has a 
volume directly proportional to the fundamental valency of the atom 
which it contains. The close-packed assemblages referred to are geo- 
metrically partitionable into units representing individual molecular 
aggregates ; these should represent in composition, constitution and con- 
figuration, the chemical molecules of the substances concerned. 

From the study of the crystalline forms of benzene and its derivatives 
Barlow and Pope have deduced a form of assemblage for the hydrocarbon 
which is partitionable into units of the composition C;H; and have 
described the configuration of the molecule as thus derived. In the 
crystalline assemblage the carbon spheres of influence are arranged in 
columns, of which each link consists of three spheres in_ triangular con- 
tact; it has been concluded that these columns remain intact in the 
crystalline derivatives of benzene: the passage from the hydrocarbon 
to any derivative thus involves the moving apart of the columns of carbon 


« 


ON THE STUDY OF ISOMORPHOUS DERIVATIVES OF BENZENE. 143 


spheres and the insertion of the substituting groups in the spaces thus 
provided. 

It is possible to test the correctness of the conclusions briefly referred 
to above by aid of crystallographic data for benzene derivatives. Com- 
pounds may be compared by means of their ‘equivalence parameters,’ 
which are the linear dimensions of parallelepipeds having volumes repre- 
sented by the sums (W) of the valencies of the atoms composing the 
respective molecules, those linear dimensions being proportional to the 
crystallographic axial ratios. In the case of benzene, which crystallises in 
the orthorhombic system a:b:c: = 0°891:1:0°799, the value of W 
is 30; the equivalence parameters calculated from these data are 

g:y:% = 3101 : 3°480 : 2-780. 

The last of these values, z = 2-780, represents the height of two 
links in the columns of carbon spheres in the crystalline hydrocarbon ; 
if, as has been suggested, these columns remain intact in the crystalline 
derivatives of benzene, the value 2°780 should recur amongst the 
equivalence parameters of the derivatives. This has beenalready shown 
to be the case in a long series of crystalline derivatives of picric and 
styphnic acids; the data now contributed enable the conclusion to be 
extended to the sulphonic derivatives of benzene described above. 

The following table gives the equivalence parameters, «, y and z 
and the valency volumes, W, for the substances numbered in the above 
table of axial ratios :— 


if W =36. @ iyi 2=5 787 : 2337 : 2-674, B=95° 26’. 
2. 36. 5°796 : 2-338 : 2°676, B=96° 49’. 
3. 36. 5761 : 2°333 ; 2°692, B=95° 50’. 
4, 36. 3°409 : 3°986 : 2°661, B=95° 22’. 
5. 36. 3095 ; 4:247 : 2°779, B=99° 42’. 


The third equivalence parameter, z, calculated from the axial ratios 
and the valency volumes, in each case approximates to the corresponding 
value, z = 2-780, of benzene. The corresponding value in the case of the 
series of picric and styphnic acid derivatives examined by Jerusalem ! 
varies between 2°660 and 2°788. 

The axial ratios of the more complex benzene derivatives represented 
by the labile form of 1 : 4-dibromobenzene-2-sulphanilide and the ethylic 
1; 4-dibromobenzene-2-sulphonate do not, in the form stated above, 
immediately yield values approximating to 2°780 amongst their equiva- 
lence parameters. On dividing unit length along the axis b by two in 
the former case and multiplying it by two in the latter, the following 
equivalence parameters are, however, obtained in which the value 2°780 
recurs : — 

6. W =68. @:Yy 5 %2=5'327 : 2-782 : 4:°653, B=99° 30’. 
7 = 49. =2°859 : 6410 : 2:679, B=90° 0’. 

The confirmation of Barlow and Pope’s conclusion as to the existence 
of the columns of carbon spheres in crystalline benzene derivatives which 
Jerusalem obtained by the study of the picrates and styphnates may 
consequently be extended to the quite different class of derivatives dealt 
with in this report. 

The Committee are indebted to Messrs. Colgate, Rodd and Runeckles, 
students in the Chemical Department of the Central Technical College, 
South Kensington, for assistance they have rendered in preparing and 
measuring compounds described in this report. 


! Trans. Chem. Soc., Jaly 1909, }». 1276. 
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Llectroanalysis—Report of the Committee, consisting of Pro- 
fessor F. §. Kipprna (Chairman), Dr. F. M. PERKIN (Secre- 
tary), Dr. G. T. Bumpy, Dr. T. M. Lowry, Professor W. J. 
Pore, and Dr. H. J. S. SAnp. 


Durine the year experiments have been carried out upon a new 
design of potentiometer, on the general simplification of apparatus and 
method for the electro-deposition of metals particularly by means of 
graded potential; and in connection with the electro-deposition of mer- 
cury upon gold, silver, platinum, and mercury cathodes. 

In connection! with the latter part of the subject it has been found, 
when mercury is deposited on a gold electrode, that the results are 
invariably from 0.5 to 2.0 per cent. too high; the same applies also to 
electrodes of silver. The gold electrode employed was in the form of a 
flag, and had a total active surface of 0.5 square decimeter. As pure 
gold was found too soft for working purposes, an alloy containing 5 per 
cent. of platinum was used. Specially purified mercuric chloride- 
bromide, and sulphate were employed, but the results obtained were 
always too high. When a platinum gauze electrode was placed in series 
with the gold electrode and an identical solution employed, as a rule the 
metal deposited on the platinum was almost theoretically correct, although 
at times it was fractionally low. 

In order to get more rapid deposition the gold electrode was placed 
in the field of a very powerful electro-magnet, but even though the time 
of deposition was reduced by one-tenth the results were still too high. 

The silver cathodes consisted of coils of pure silver within which a 
platinum anode was rotated, but although the whole of the metal was fre- 
quently deposited in forty-five minutes, the results were almost always 
too high. The exact cause of the high results obtained was not ascer- 
tained, although it was at first supposed to be due to occluded hydrogen ; 
this was practically proved not to be the case. It was finally shown that 
the only really satisfactory method for depositing mercury was to use a 
cathode of mercury. A new electrolysing vessel of quartz was designed 
for this purpose. This apparatus is a small quartz beaker capable of 
holding about 80 c.c. of solution, and has a siphon fused into it about 
0.5 c.m. from the bottom. Mercury is placed in the vessel so as to just 
reach to the bottom of the siphon, and electrical contact is made with it 
by fusing a piece of iridium wire into the bottom of the beaker. The 
solution to be electrolysed is placed above the mercury and the spiral anode 
rapidly rotated (500-750 turns per minute). The mercury can be com- 
pletely deposited out in from twenty minutes to half an hour. The 
solution is then siphoned off by pouring in water which causes the 
siphon to act. The pouring in of water is continued until the ammeter 
shows zero. The whole of the waste water is then allowed to flow away 
and is replaced by 90 per cent. alcohol, then by absolute alcohol, and 
finally by two washings of dry ether. The surface is then dried by 
blowing dry air over it for about ten minutes. 

A very considerable amount of work has been done to make the 


 ¥. M. Perkin, Trans. Faraday Society. 
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apparatus described by Dr. Sand (Trans. Chem. Soc. 91, 373 (1907) 
and 93, 1572 (1908) more portable and readily set up without sacrificing 
any of its essential features. The stand has been made completely 
portable by. providing it with a special cap which hinders the mercury 
forming the connection between the stationary and moving parts from 
being split during transport. A special clutch has also been designed 
which allows the moving parts to be readily thrown in and out of gear 
with the motor without stopping the latter. Such an arrangement 
becomes necessary when it is desired to actuate several sets of apparatus 
from a single shaft driven by one motor, or when a small motor-generator 
is employed for the double purpose of supplying the current and rotating 
the electrode, or lastly, when a water or hot-air motor is employed which 
cannot be stopped instantly while the electrodes are in a wet state. All 
the apparatus for measuring the potential of the cathode has been 
assembled in a single portable potentiometer-box, which is also arranged 
to show the potential difference between the anode and the cathode. 
For this purpose it became necessary to design a special new form of 
portable capillary electrometer. A full description of all the apparatus 
referred to will be published shortly. It was exhibited to Section 1 of 
the International Congress of Applied Chemistry. 

Experiments are also in progress with anodes made partly of glass and 
partly of platinum, and with cathodes of metals other than platinum. 

A very careful study has also been made of the composition of the 
deposit of lead peroxide obtained during the analysis of lead solutions. 
Results differing by more than 1 per cent. have been found in the labora- 
tories of Hollard. (Analyse des Bétaux (190) and Classen (‘ Quantitative 
_ Analyse durch Elektrolyse,’ 5th edition, 1908, p. 125.) It has now beer 
found that in a moist atmosphere lead peroxide will take up water at a 
temperature of about 200°, but will lose it exceedingly slowly at this 
temperature in a perfectly dry atmosphere. These facts are quite suffi- 
cient to explain the discrepancies observed. On the other hand, it has 
been found that lead peroxide deposited with a suitable current density 
at about 90-95° contains only about 4 per cent. of water after drying 
with alcohol and ether. It is here desiccated as a result of electric 
endosmose, and this method of depositing is recommended as by far the 
most trustworthy and simple. These results will also be published 
shortly. 


The Study of Hydro-aromatic Substances.—Report of the Com- 
mittee, consisting of Dr. K. Divers (Chairman), Professor 
A. W. Crosstgy (Secretary), Professor W. H. Perxin, Dr. 
M. O. Forster, and Dr. H. R. Le Sueur. 


1. Nitro Derivatives of O-Xylene. 


In the last Report? mention was made of the fact that when the mixture 
of two isomeric dimethylcyclohexadienes, obtained by elimination of two 
molecules of hydrogen bromide from 3:5-dibromo-1: 1-dimethylcyclo- 
hexane, was treated with a nitrating mixture, two substances melting at 


1 B.A. Report, 1908, p, 221. 
1909. iv; 
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115° and 71° were obtained. The methyl groups in the hydrocarbons 
are both attached to the same carbon atom, and in such cases it has been 
frequently observed! that the transformation into an aromatic substance 


C(CH;), C(CH;). C(CH;), 
HC CH H,C CH, H.C ‘CH 
< = 
HC CH B,HC CHB, HC CH 
CH, CH, CH 


results in one of the methyl groups wandering into an ortho position, 
but never into a meta or para position. It was therefore presumed that 
the above-mentioned substances melting at 115° and 71° were trinitro- 
o-xylenes. 

No trinitro-o-xylenes had, up to that time, been described, and 
experiments were therefore undertaken with the object of preparing 
these substances. The work has now been completed,? and has shown 
that the above-mentioned derivatives, melting at 115° and 71°, are the 
two possible trinitro-o-xylenes. In the course of the work all the 
mono-, di-, and trinitro-o-xylenes were isolated and described. 


2. Hydro-aromatic Kelones. Part 1.—Synthesis of trimethylcyclo- 
hexenone (Isophorone) and some homologues.” 


Chlorodimethylcyclohexenone contains a reactive chlorine atom, 
easily replaceable by an ethoxy group under the influence of sodium 
ethoxide, giving rise to the ethyl ester of dimethyldihydroresorcin. 

Condensation takes place readily between chlorodimethyleyclo- 
hexenone and ethyl sodiomalonate. The product is not, as might have 
been expected, the substance having formula I., but consists of ethyl 


(CHY.CCot DCH 


| CH,— CO 
(L)  CH(CO,C,H,), + C,H,OH = (CH,),CKGy" gg >CH 
| 
(Il.)  CH,. C0,C,H, + CO(0C,H,), 


dimethyleyclohexenoneacetate II, whose formation necessitates the 
elimination of a carbethoxy group, and this has been proved to take 
place with formation of ethyl carbonate. The product of hydrolysis 
of this ethyl ester is trimethylcyclohexenone III, identical with 
isophorone. 


(CHL CH _o PCH +H,0 =(CH,),C <qlp 28 +00, +C,H,OH 
| 
CH, .CO,C,H, (IL) CH, 


As, however, it gives only one oxime melting at 78°, whereas the 
isophorone prepared from acetone gives two oximes, melting at 75° and 

1 J.0.8., 1904, 85, 264 ; 1906, 89, 875. i 

2 Tbid., 1909, 95, 202. 8 Crossley and Gilling, J.€.S., 1909, 95, 19. 

4 Proc. C. 8., 1909, 25, 96. 
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100° respectively, the latter is probably a mixture of isomeric trimethyl- 
cyclohexenones. Dimethylethyl- and dimethylpropylcyclohexenones 
have also been prepared by the condensation of chlorodimethylcyclo- 
hexenone with substituted malonic esters; but as the yields of con- 
densation products diminish rapidly with increase in molecular weight 
of the substituted malonic ester employed, the reactions are of no great 
value for the production of the higher homologues of isophorone. 


3. The so-called 1:1-dimethyl- A2:5-cyclohexadiene of Harries and 
Antoni. 


A further inquiry into the properties and behaviour of the 
1:1-dimethylcyclohexadiene of Harries and Antoni has shown that 
this hydrocarbon is a mixture of the 1:2- and 1 :3-dimethyleyclo- 
hexadienes, and very probably contains none of the isomeric hydro- 
carbon with the two methyl groups in the 1 : 1-position. 

Incidentally it has also been noted that the 1: 3-dimethyleyclo- 
hexadiene, prepared by the dehydration of methylheptenone, is a 
mixture of m-xylene, 1: 3-dimethylcyclohexene and 1: 3-dimethylcyclo- 
hexadiene. 


The Transformation of Aromatic Nitroamines and Allied Substances, 
and its Relation to Substitution in Benzene Derivatives.—Report of 
the Committee, consisting of Professor F. 8S. K1pping (Chairman), 
Professor K. J. P. Orton (Secretary), Dr. S. RUuHEMANN, Dr, 
A. Lapworts, and Dr. J. T. Hewitt. 


I. Transformation of Nitroaminobenzenes into Nitroanilines. 


In last year’s Report ?a summary was given of the study of the conditions 
under which nitroaminobenzenes change into nitroanilines. It was shown 
for solutions of nitroamines, (i) that all acids accelerate (or initiate) the 


‘change ; (ii) that the efficacy of different acids bears a relation to their 


activities in other reactions ; (iii) that the rate of change is proportional 
to the square of the concentration of the acid ; (iv) that the transforma- 


tion was always accompanied by the appearance of nitrous acid, and the 
conversion of nitroamine into diazonium salt. 


Il. Transformation of Chloroaminobenzenes into Chloroanilides, 


(With W. C. Evans, B.Sc., and W. J. J ONES, B.Sc.) 


The results obtained in the case of the nitroamines have led us to make 
a study of the similar transformation of acylchloroaminobenzenes into 
chloroacetanilides : C;H;NCl.Ac>Cl.0,H,.NH. Ac. 

This change offers a very marked contrast to that of the nitroamino- 
benzenes, as hydrochloric acid appears to occupy a peculiarly privileged 
position, which was originally recognised by Armstrong, in bringing 
about this change. 


Crossley and Renouf, .7.C.8., 1909, 95, * B.A. Report, 1908, p. 115, 
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The mechanism of this transformation was investigated by Blanksma,! 
who ascertained (i) that it was apparently a reaction of the first order ; 
(ii) that the speed was proportional to the square of the concentration of 
the hydrochloric acid ; (ii) that in aqueous acetic acid solution the speed 
increased with the concentration of the acetic acid. 

Recently Acree,” since we started work on this subject, has elaborated 
Blanksma’s work, and has brought forward an hypothesis to account for 
the proportionality of the velocity of the change to the square of the 
concentration of the catalyst. He believes that the formation of a salt, 

Ac 
Zl 
Ar. Nop from the chloroamine and the hydrochloric acid is the necessary 
‘H 
intermediate stepin the change. This suggestion was first made by Orton.” 
The complete ionisation of the hydrochloric acid requires that the concen- 
tration of the salt should be proportional to the square of that of the acid. 
It is however difficult to see why on this view hydrochloric acid should 
be the only catalyst. In fact, Acree believes his experiments show that 
other acids (sulphuric acid, &c.) or chlorine or bromine can act as catalysts, 
although in an inferior degree. 

In our experiments we used instead of the unsubstituted chloroamino- 
benzene, acetylchloroamino-p-chlorobenzene, the speed of the transforma- 
tion of which is far less than of the unsubstituted compound. The results 
are summarised in the following :— 

1. Hydrochloric acid is the only catalyst. 


(a) Hydrofluoric, sulphuric acids, &c., have no effect ; hydrochloric 


acid can always be detected when a change begins in the 


presence of these acids. 
(6) Chlorine and bromine are without effect until hydrochloric acid 


is formed. 
(c) Hydrobromic acid reacts with the chloroamines in glacial acetic 


acid quantitatively, thus :— 
Ar.NC].Ac+ HBr=Ar.NH.Ac+ BrCl. 


This primary change is followed by rapid bromination (dimolecular 


reaction). 
The interaction between hydrochloric acid and a bromoamine is similar : 


Ar.NBr.Ac+HCl=Ar.NH.Ac+ BrCl, 


and is followed by an equally rapid bromination. 
In dilute acetic acid, 90 per cent. and less, the reaction is :~-- 


Ar.NCl.Ac+2HBr=Ar.NH.Ac+ HCl+ Br,, 


which is followed by a slow bromination. 

2. Hydrochloric acid reacts with the chloroamine establishing the 
equilibrium : 
Ar.NCLAc+ HCl? Ar.NH.Ac + Cl). 

In glacial acetic acid the reaction is complete from left to right. As the 
acetic acid is diluted the left-hand side of the equation appears; in 90 per 
cent. acetic acid an equilibrium constant can be calculated. 


1 Receuil des Trav. Chim., 1903, 22, 290. 
2 Amer. Chem. Jour., 1907, 38, 258. 3 Proc. Roy. Soc., 1902, 71, 156. 
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In 65 per cent. acetic acid an equilibrium constant is obtained only when 
the reaction is represented as :— 
Ar.NCl.Ac+ H: + Cl’? Ar.NH.Ac+Cl, ; 


that is, the equilibrium constant is proportional to the second power of 
the concentration of the acid. 

In 50 per cent. acetic acid, at a concentration of 0-025 gram molecules 
per litre, the system is represented by the left-hand side of the equation, 
chlorine and anilide only appearing at higher concentrations. 


-3. Measurements of the velocity of the formation of the chlorinated 
anilide show :— 

(a) In glacial acetic acid the reaction is apparently dimolecular. If 
the concentration of the hydrochloric acid is small relative to 
the chloroamine the reaction becomes apparently monomolecu- 
lar, and its speed is proportional to the square of the concen- 
tration of the hydrochloric acid. 

(b) As the acetic acid is diluted to 95 per cent., the speed of the 
chlorination increases proportionately to the quantity of 
water added, 

As the proportion of water is further increased the velocity of 
the reaction falls, becoming scarcely perceptible in 30 per cent. 
acetic acid. 

(c) In aqueous acetic acid containing 70 to 90 per cent. acetic acid, 
there is no simple relation between the velocity of the change 
and the concentration of the hydrochloric acid. Below 65 
per cent, acetic acid the velocity is proportional to the square 
of the concentration of the catalyst. 


= 


Topographical and Geological Terms used locally in South 
Africa.—Report of the Committee, consisting of Mr. G. W. 
LampLueuH (Chairman), Dr. F. H. Hatcu (Secretary), Dr. G. 
CORSTORPHINE, and Messrs. A. pu Torr, A. P. Hawn, G. 
Kynaston, F. P. Menneuu, and A. W. Rocers, appointed 
to determine the precise Significance of Topographical and 
Geological Terms used locally in South Africa. (Drawn up 
by the Secretary.) 


Ow1na to the absence of the Secretary (Dr. F. H. Hatch) in South 
Africa, no further compilation could be got ready for publication this 
year. After consultation with other members of the Committee, how- 
ever, the Secretary proposes the following emendations in definitions or 
spelling of terms in the list published last year. The Committee ask 
for reappointment. 


Duin, plural duine 
A sand dune. 


Gouph (pronounced ‘ cope ’) 


A Bushman word, meaning ‘as dry as can be,’ applied to a portion of the 
Western Karroo. 
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Kasteel (literally Castle)— 
A high peak or ridge, e.g., Riebeck’s Kasteel. 


Kloof- - 
The head of a valley, with steep sides. 


Kolk— 


A hole in a river course. 


Poortje— 
A little poort. 


Punl— 
(i) A point on the coast, or (ii) a spur of a mountain. 
Rug, plural Ruggen— 


A ridge or series of ridges. The ‘Ruggens,’ in Cape Colony, is a plain cut up 
by rivers. 


Investigation of the Fauna and Flora of the Trias of the British 
Isles.—Seventh Report of the Committee, consisting of Pro- 
fessor W. A. HerpMAN (Chairman), Mr. H. C. Brasiey 
(Acting Secretary), Mr. EK. T. Newton, Professor A. C. 
SewarpD, Mr. W. A. EK. Ussuer, Professor W. W. Watts, 
and Dr. A. SmMitrH Woopwarp. (Drawn up by the Acting 
Secretary.) 


[PLATES III. AnD IV.] 


In presenting this Report your Committee have first to express their 
deep sense of the loss sustained in the lamentable death of their Secre- 
tary, Mr. Joseph Lomas, F.G.S., to whom their successful working has 
been mainly due. To the enthusiasm of youth he added the judgment 
and experience of middle age, and to his friendly and genial disposition 
and unfailing readiness to help others we are indebted for the assistance 
of workers outside the Committee. His powers of observation and 
description, devoted as they were in recent years to the study of the 
Trias, more especially of the probable conditions under which it was 
formed, enabled him to contribute two Reports embodying results of 
his own work, and it was in the prosecution of such research as that 
your Committee was formed to promote that Mr. Lomas met his un- 
timely end. 

During the past year your Committee have watched for further op- 
portunities of research, but the new material has been confined to a few 
remains of Rhynchosaurus which, as far as examination has at present 
gone, present no exceptional features, and a few other remains which 
have been too recently obtained to be reported on at this meeting. 

Mr. A. R. Horwood gives a further instalment of his ‘ Bibliography 
of the Keuper,’ bringing it to 1908, and Mr. Beasley a description of 
a new form of footprint. Mr. Watson adds a description of the 
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Rhynchosaurian skull in the Manchester Museum mentioned in the 
last Report. 

Since their appointment in 1902 your Committee have endeavoured 
to promote and record original research in connection with the Triassic 
Fauna and Flora, and to report on the description of new material or 
material hitherto undescribed. Also they have had in view the desir- 
ability of rendering the reference to existing material more easy for 
workers; and consequently lists of the Triassic Fossils in most of our 
principal museums (Reports 1904, 1905, and 1908) and of Fossils found 
in certain localities (Reports 1907 and 1908) and a Bibliography (Reports 
1908 and 1909) have been included in the Reports. It is hoped these 
lists will be found of use. The names of the authors are a guarantee of 
the care with which the lists have been drawn up. There are still many 
other collections of which it is desirable to obtain a record. 

As regards research itself your Committee are glad to have been able 
to record the completion of the reconstruction of the skeleton of Rhyn- 
chosaurus articeps, with the aid of material in the Shrewsbury Museum 
submitted to the experts of the British Museum (Natural History) for 
development (see Report 1906). Reports have also been made on 
several other recently discovered less nearly complete vertebrate 
remains. (See Reports 1906, 1907, and 1909.) 

The paper by the late Secretary in the Report for 1905 dealing with 
Estheria, both recent and fossil, will aid in forming a correct idea not 
only of the surroundings of this Common Triassic invertebrate, but of 
the general conditions prevailing in Britain in Triassic times. 

The reports (see all years 1903 to 1909) on the footprints of verte- 
brates and supposed tracks of invertebrates, and the attempt to classify 
them, may prove useful when more of their remains have come to light. . 

The Trias of South Devon has so far been but slightly dealt with, 
but the description and figure of the Section E. and W. of Sidmouth by 
the late Mr. Hutchinson have been reproduced in the Report for 1905. 

The Committee desire to record their thanks to the following gentle- 
men, who, though not on the Committee, have kindly aided the work 
by the contribution of most valuable lists and reports, viz., Messrs. 
H. A. Allen, A. R. Horwood, L. J. Wills, and D. M. S. Watson, and 
the Rev. H. H. Winwood. 

In existing circumstances your Committee do not ask to be 
reappointed, but, in view of the large amount cf work still to be done, 
may be allowed to express a hope that this research may be still further 
prosecuted in the future under the auspices of the British Association. 


Report on Footprints from the Trias. Part VI. By H. C. Brastey. 


A number of very imperfect examples of a large broad footprint of 
unusual form have been seen during the last few years at Storeton, but 
have been too imperfect for description. Within the last six months a 
few more perfect have been seen. The print shows four short stout toes, 
their length being only about three-quarters their breadth. The print itself 
is about 15 cm. in width, and length 12 cm., but the posterior margin is not 
defined. At about that distance from the termination of the toes it 
narrows to about 6 cm., and the print is often continued for a few inches 
the same width till it merges into the surface of the slab. 
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The print as a whole is very symmetrical, the two middle toes are 
about the same size, and the two outer rather smaller, but similar to 
each other; the narrow hinder part of the print probably represents a 
portion of the leg. 

The sole is covered with ridges or folds following the outline of 
the toes, but on the palmar surface they are more or less parallel to 
the axis of the foot. Some doubt must exist as to their origin and whether 
they really represent the loose integument of the foot. 

One or two fairly perfect casts of deep impressions are from the 
Lower Keuper at Storeton, and an exactly similar print is in the Salford 
Museurn from Lymm, and they might be compared with some less well- 
defined prints in the Warwick Museum ‘ from the Upper Keuper.’ 

So far great uncertainty exists regarding it, both as to whether it 
represents the pes or manus. Further material may show us this, also if 
there is a trace of a fifth digit. The possibility of its having been formed 
by any movement of such a foot as A 2 or K has been considered, but 

it is highly improbable. It is advisable that this 

P A print should be recorded (bearing in mind that 
it is the print only, and not the foot, that is being 
described) under a special letter. 

P,a four-toed print, breadth rather greater 
than length, toes short and stout, breadth at base 
exceeding length. Breadth of foot greatest at 
root of toes, narrowing rapidly posteriorly till it 
joins the leg. No defined posterior margin. 
Two inner toes alike, two outer toes also alike, 
but rather smaller. (Plate IIT.) 

It is perhaps now advisable to summarise shortly the Reports on 
Triassic footprints. A good deal of new material has been examined since 
the earlier Reports were issued, and some qualifications or corrections 
may be necessary. 

The reasons for not giving generic and specific names to the various 
forms which were expressed in the earlier Reports still hold good. The 
identification of the animals who left the prints with any whose remains 
have been preserved is unfortunately not yet possible, and how far the 
different forms represent different species of animals is not absolutely 
certain. Under these circumstances the specific naming of the prints 
would tend to error and confusion, which would be a worse result than the 
slight inconvenience incidental to the system of identification by letters 
and numbers. It is still necessary to deal with them as prints only. 
The greater number fall into three groups, which have been called 
respectively Cheirotheroid, Rhynchosauroid, and Chelonoid, mostly 
represented by what appears to be the print of a hind foot. 

Cheirotheroid prints have five toes, of which the middle one is the 
longest and the fifth the shortest, and this is usually curved outwards. 
The palmar surface is about equal i in area to that covered by the toes, 
though usually only a portion is shown in the print. To this group 
belong forms A 1 to 4, B 1 and 2, K and L. 

The four forms A 1 to 8.and K form a complete series where the 
toes I. to IV., which in A 1 are somewhat longer proportionately than 
the fingers of the human hand, gradually become shorter and broader, and 
the V. toe decreases in size till in K there are four short broad toes, and 
there is no trace,of the impression of V. 


: 
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Since the four forms just referred to were first described another 
form, A 4, has been found varying in a different way from A 1, which 
otherwise it strongly resembles ; the LY. toe in A 4 is relatively shorter, 
and generally carries a longer and more powerful nail than do the other 
toes. Accompanying this feature is a very different print of the manus; 
in A 1 and 2 the manus is about half the size of the pes and has five 
widely spread digits and forms a short broad print. In A 4 the print 
of the manus is very much smaller, has four very short broad digits, 
with occasionally a very uncertain trace of a fifth. A 4, however, 
resembles A 1 in having the skin of both pes and manus covered with 
small tubercles. A 4 has been found in series on the same slab with 
prints of Al. It has so far only been found at Storeton, but on slabs 
raised there at intervals of several years. 

Nothing has been found to indicate that these variations in form 
have been caused by difference in the material in which the first im- 
pressions were made; in fact, this is disproved by the different forms 
having been found in close proximity to each other on a perfectly uniform 
surface. Neither is there any indication of their occurring on different 
horizons. 

It may be worth noting that the forms A 1 to 4 are seldom, if ever, 
found at Runcorn, whilst they are common a few miles east and west, and 
that whilst A 2 is common on Lymm and Warrington slabs, it is rather 
rare at Storeton. The beds at each place are about the same age, although 
it seems difficult to correlate them with each other. There would seem 
to be little probability of a continuation of the same bed for any great 
distance if, as is now generally held to be the case, the beds represent the 
bottoms of isolated, somewhat temporary, pools or lagoons. 

It should also be borne in mind that no large extent of the surface of 
the footprint beds is exposed in quarries in the course of several years, 
and the prints of one or two species that happened to go to the water 
together have been seen, whilst the prints of other species may be hidden 
from us a few yards off on exactly the same horizon. 

The two small prints B 1 and 2 have not been recognised in any new 
material, neither has the small print ‘ L,’ which, though much smaller, 
resembles the pes of A except that there is no trace of the first or inner 
toe. The manus resembles that of A 4, but in the very few examples we 
have, only three digits areseen. The only example of this print in series 
is in the British Museum (Natural History) from Storeton, whence it 
must have been obtained some sixty years ago. A single print of the pes 
was found at Storeton a few years since, and another came from Guy’s 
Cliff, Warwick, so they cannot be the tracks of one abnormal individual. 

The Rhynchosauroid prints have five toes, little or no palmar surface, 


_ and the fourth toe the longest. -To this group belong D 1 to 7 and E. 


D 1 seems to be the most common form, and to approach nearest to 
what might be expected from Rhynchosaurus articeps. D2 is much like 
it, but the toes are narrower and not so generally curved. It is very 
seldom that in either form there is any trace of the impression of a web. 

A webbed foot would leave some trace of the web in all but very 
exceptional instances. However, on a slab in the British Museum 
(B 295) there is what appears to be a distinct web, and, as pointed out by 
Mr. D. G. S. Watson, there is another in the Manchester Museum.! In 


* Mr. Watson’s paper, ‘Some Reptilian Tracks from the Trias of Runcorn,’ pre- 
sented at the June meeting of the Geological Society, not yet printed. 
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both cases the foot is very like D 1. The digits are not spread and are 
very unlike D 4, from Upper Keuper of Shrewley, which is distinctly 
webbed. As regards the other forms there is nothing to add to the Report. 
As a whole this group would come very near Saurichnites lacertoides, as 
described by H. B. Geinitz in his ‘Dyas or Permian Formation,’ 
Leipzig, 1861, page 5; but no attempt has been made in this report to 
trace the relation of British footprints to those of the Continent. 

The Chelonoid prints, in some respects resembling the prints de- 
scribed by the pioneers of ichnology as those of tortoises, form the third 
group. ‘They may be described as short, broad prints, with short toes 
and strong claws, and with the palmar surface forming the larger part of 
the area of the print. They have been distinguished by the letter F’. 

I 1 is the simplest form, being merely an oval rounded surface with 
four or five dots representing nailmarks a short distance beyond the margin 
on one side. In F 2 the place of the oval marking is taken by a moulded 
surface giving some indication of the position of the bones of the foot, and - 
there are five short clawed digits. IF 1 may probably be the impression 
of such a foot as F 2 on rather hard mud. F 3 has rather longer digits 
than F 2, and it is uncertain if the manus has more than four that have 
left traces. 

All these prints when seen in series are found to have a very broad 
track. The print of the pes is frequently imposed on that of the manus 
of the same side; at other times the pes and manus are near to each other. 

The prints of this group differ widely from most of the other two 
groups. A distant resemblance led to a careful comparison with some 
of the prints from Corncockle Quarry, Dumfries, in beds at one time 
thought to be in the Trias, but now generally considered Permian. The 
comparison showed that none of our Triassic prints were at all identical 
with those figured in Jardine’s ‘ Ichnology of Annandale.’ 

Within the last few months Mr. Geo. Hickling has published a paper 
on British Permian footprints,’ in which he goes thoroughly into this 
question, and comes to the conclusion that the footprints from the Trias 
are quite unrepresented in the Permian of Dumfries, Penrith, Notting- 
hamshire, or South Devon, as far as at present explored. As pre- 
viously noted, there are several forms which do not readily fall into either 
of the three groups. These have been described as C and O in Report 
1906, I in Report 1904, and P in the present Report, but no further 
knowledge concerning them has been yielded by new material. The 
print O is very interesting, as in some respects like the New England 
prints, and it is hoped that a further examination of the Hollington 
quarries may result in obtaining further examples. 

It is noteworthy that no prints have been recorded that might seem 
to be intermediate between the three groups, but it is sfill possible that such 
may yet be found when the innumerable small prints covering slabs in 
various collections have been more thoroughly examined. 

The question of the possibility of various forms resulting from the 
same foot being impressed on mud of differing consistency has been fre- 
quently referred to, and it is hoped that observations and experiments 
now in progress may lead to good results. 


1 «British Permian Footprints,’ Memoirs Manchester Lit. Phil,' Soc., vol. liii. 
part 3 (June 18, 1909). 


British Association, 79th Report, Winnipeg, 1209. | [Puate ITT. 


Illustrating the Seventh Report on the Investigation of the Fauna and 
Flora of the Trias of the British Isles. 
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Note. 
CONTENTS OF REPORTS ON FOOTPRINTS. 


Report, 1908. Introduction and description of forms A 1 to3, K, B 1 and 2, and L. 

904. . Description of D 1 to 5, E, F 1 and 2, Iand M. 

» 1905. Description of footprints in Warwick Museum. 

», 1906. Description of A 4 (manus only), D 6, C and O. 

1907. Description of A 4, D 7, and F 3, and of Liverpool University slab 
of footprints by Mr. J. Lomas. 

», 1908. Description of tracks of invertebrates, &c. Part I. 

» 1909. Description of P and summary to date. 


Explanation of Plate III. 


Two natural casts of footprints described as ‘ P’ in present report from the Lower 
Keuper of Storeton in H. C. Beasley’s collection. 

No. 1] is in high relief, about 3 inches; No. 2 not more than 1} inch. There 
are other markings of uncertain origin on both slabs. The scale shown is one of 
6 inches, 


Ona Skull of Rhynchosaurus in the Manchester Museum. 
By D. M. S. Watson, B.Sc. 


Rhynchosaurus is probably the best known of all the Triassic Rhyncho- 
cephalia, and an excellent account of its osteology, by Dr. A. Smith 
Woodward, was published in the Report of this Committee presented 
at the York meeting of the Association. This report shows that our 
knowledge of the base and back of the skull is defective, and as a specimen 
in the Manchester Museum shows some new features in this region, it 
seems worthy of some description. 

This skull was collected by Mr. G. C. Spence in 1895 from the quarry 
at Grinshill, which is the type locality. Mr. Spence roughly developed 
the anterior portion of the palate, and in 1907 presented the specimen 
to the Museum. When I first saw it, it was contained in two small 


‘ blocks of coarse sandstone, which fitted together. One of these blocks 


retains the nasals and premaxille, and is separated from the other by 
a split, which cuts the palate about 1.5 cm. in front of the transpalatines. 
The other block contains the main mass of the skull, and now shows the 
whole of both upper and under surfaces, together with the posterior 
surfaces of the quadrates. 

The matrix is a coarse and very hard sandstone, the bone is extremely 
soft, so much so that it falls away as dust, after being exposed for a few 
days, when subjected to the jarring inevitable to the process of develop- 
ment; the skull is thus very largely represented by an internal cast, to 
which a certain amount of bone remains attached, forming a thin white 
layer ; nevertheless, certain points are exceedingly well displayed. 

I am unable to add anything to the account given by Dr. Woodward 
of the anterior part of the skull. 

The brain-case widens out posteriorly, and lateral processes are 
given off which underlie the corresponding inwardly directed processes 
of the squamosal. There is, however, certainly a bone overlying the 
squamosal, and apparently running straight across from side to side 
without any connection with the parietals: this bone is probably a 
separate ossification, the epiotic of the Stegocephalian skull. 

The squamosal is a triradiate bone; it differs from that figured by 
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other writers in the skull of Rhynchosaurus articeps in having a larger 
area. The internal ramus extends in, under the epiotic on both sides, 
and is hence not well exposed. The anterior ramus is about 1.7 cm. 
long and at least 1 cm. wide at its base; it is well shown on the left side 
to underlie the posterior ramus of the postorbital. The inferior ramus 
also expands into a plate of bone proximally ; this is confluent with that 
formed by the anterior ramus; there is hence a very considerable area of 
bone over the postero-lateral corners of the upper surface of the skull. 
The figures of Owen and Smith Woodward’s restored drawing represent 
the skull of Rhynchosaurus articeps as very slender in this region, and 
it is hence possible that the Manchester skull really represents a distinct 
species ; I am, however, very unwilling to found a new species on this one 
specimen. 

The relation of the squamosal to the quadrate and the quadratojugal 
is not now well seen in the specimen, mainly on account of the crumbling 
of the bone in this region. I was able to see during development that 
there was no foramen between the quadrate and the quadratojugal as 
there is in Sphenodon; a specimen in the Elgin Museum shows that 
Hyperodapedon resembles Rhynchosaurus in this respect. Both quad- 
rates are now exposed from the back in the Manchester Rhynchosaurus 
skull, but are badly preserved, the bone being very soft and friable. 

The lower temporal arcade is represented by a misplaced posterior 
ramus of the jugal, which forms a thin strip of bone about 3 cm. high 
and *7 cm. thick. The quadratojugal can be seen as a forward pro- 
jection from the distal end of the quadrate, but it is not well exposed. 

The anterior portion of the palate is badly preserved; the teeth, for 
example, have been destroyed. There are certain differences in this 
region between this specimen and that figured by Huxley and Smith 
Woodward; for example, a length of 30 mm. in the new specimen 
corresponds to 50 mm. in Huxley’s specimen, which measures about 
42 mm. across the transpalatine region, as against 87 mm. in the new 
skull ; thus the snout of the new specimen is blunter than that of Huxley’s 
skull. This difference may be specific or may merely depend on differences 
of sex or age. 

The important new features presented by this specimen concern the 
pterygoids and basis cranii. 

The right pterygoid is almost completely preserved and exposed. 
The anterior ramus cannot be distinguished from the palatine; the 
external ramus forms a nearly vertical plate directed forward and out- 
ward at an angle of about 45° to the basicranial axis. This unites with 
the transpalatine, the two forming the usual downwardly directed 
process. 

The transpalatine forms the posterior edge of the palate and joins the 
maxilla probably near its junction with the jugal. 

The anterior and exterior rami of the pterygoid pass back, forming a 
vertical plate of bone over a centimetre deep, which joins on to the 
pterygoid process of the basisphenoid. How much of this plate is 
pterygoid and how much basisphenoid I cannot say. The plate is 3 mm. 
in antero-posterior length, and very thin. From its posterior and 
ventral margin is given off the posterior ramus, which is a narrow bar 
only 2mm. by 1 mm. in section, passing back to the quadrate, a distance 
of some 20 mm. Its junction with the quadrate is not exposed, and it 
is possible that it is slightly dislocated at this point. 


British Association, 79th Report, Winnipeg, 1909. ] [Puate IV. 
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Illustrating the Seventh Report on the Investigation of the Fauna and 
Flora of the Trias of the British Isles. 
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The basisphenoid is exposed as a bone nearly 1 cm. wide between 
the down-turned pterygoid processes. This bone contracts behind to a 
width of about 5 mm. ; behind this it has two lateral wings, which are, 
however, badly preserved and exposed. These wings probably corre- 
spond with the two knobs which occur in Sphenodon just before the 
junction of the basisphenoid and basioccipital. The small piece of 
bone immediately behind is the basioccipital. This is 1.5 mm. long, 
and is succeeded by the atlas, which is not easily distinguished from it, 
being represented mainly by a hole. The palate, as a whole, much 
resembles that of Sphenodon, the chief differences being as follows: 

(1) There appears to be no suborbital foramen in front of the trans- 
palatine, whereas in Sphenodon there is a small one; this difference is 
not a very important one as is shown by the similar variation in 
Sauropterygians. 

(2) In the great height of the pterygoid process and attached ptery- 
goids Rhynchosaurus differs considerably from the condition in ~ 
Sphenodon. 

(3) The great distance between the two pterygoids in this region in 
Rhynchosaurus is also a conspicuous difference from the other genus. 

(4) The fact that the posterior ramus of the pterygoid is only a 
slender bar in the Triassic genus renders its appearance different from 
that of Sphenodon. 

The palate of Rhynchosaurus resembles strongly that of Hypero- 
dapedon in certain respects, whilst differing from it more widely than 
does that of Sphenodon in others. 

Apart from the dentition, the chief differences between the two 
Triassic genera are as follows : — 

(1) In Hyperodapedon the pterygoids meet in the middle line and 
appear completely to conceal the basisphenoid from a ventral view; this 
is a pronounced difference from Rhynchosaurus, in which the whole of 
the basis cranii can be seen from below. 

(2) In Hyperodapedon the pterygoids appear to be only just below 

the main ventral surface of the basisphenoid, and are possibly in actual 
contact with it, whilst in Rhynchosaurus they are carried down on two 
long processes to about 1 cm. below that level. 

In these two respects Sphenodon seems to be exactly between the 
fossil genera. On the other hand, these latter agree in the absence of 
any infraorbital foramen and of the foramen between the quadrate and 
the quadratojugal. They also agree in the very pronounced downward 
curve of the premaxille, which in the recent Sphenodon bears two teeth 
and is not itself appreciably decurved. 

On the whole of the evidence, I think that Rhynchosaurus and 
Hyperodapedon should not be placed in the same family, but that they 
should be included in a super-family, which would most probably also 
include Stenometopon, but not Sphenodon. 


Explanation of Plate IV. 


Fig, 1.—Under surface of the skull of Rhynchosaurus in the Manchester 
Museum. Nat. size. 


ju. Anterior end of the misplaced jugal. 
q- je The quadratojugal. 
post. pt. The posterior ramus of the pterygoid 
B. 8. The basisphenoid, 
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Fig. 2.—The right side of the same skull as it would appear if bisected by a 
sagittal section and viewed from the middle line. 

To show that the basis cranii lies far below the level of the palate. Reference 
letters as in fig. 1. 

Fig. 3.—Photograph of the upper surface of the back of the skull. x 13 approx. 
To show the epiotic (Ep.) overlying the squamosals (sqg.), which in turn overlie 
the parietals (par.), 


Bibliographical Notes upon the Flora and Fauna of the British Keuper. 
By A. R. Horwoop. 


Lists dealing with the paleontology of the Leicestershire Upper 
Keuper and some neighbouring localities, and a bibliography relating to 
the same, were published in the Trias Report for 1907. In the last 
year’s Report (1908) a list of the fossils from certain counties, which 
had not so far found a place in these Reports, was published, together 
with a bibliography of works relating to the flora and fauna from 1826 
to 1876. The present communication is complementary to the two 
former lists, bringing the literature up to date from 1877 onward, and 
bringing together in one accessible bibliography all the works included 
in the Reports not so far arranged chronologically ; and to these are added 
2 number of papers not hitherto noted therein. Furthermore, the 
analysis of the paleontology of each work given at the end will serve, it 
is hoped, as a useful summary of the subject-matter in this connection. 

In view of the fact that certain beds previously classed as Permian 
exhibit a typical Triassic vertebrate fauna, as remarked by Mr. H. A. 
Allen (Trias Report, 1908), some of the records which were regarded 
as referring to the Permian are included here. At the same time, the 
fact must not be ignored, in questions of this kind, that footprints 
resembling Triassic footprints have been discovered in the Permian beds 
of Mansfield,t Nottinghamshire, and in the Lower Sandstones of the 
Exeter district.2 Indeed, there is, according to Mr. G. Hickling, some 
doubt as to whether the Elgin sandstones are not also Permian,’ though 
Dr. F. von Huene* correlates these latter with the Dolomitic Con- 
glomerate and German Lettenkohle (Lower Keuper). 
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p. 303. Palcwoniscus catopterus (Ag.), Keuper, Roan Hill, Tyrone. 
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(R. and 8.), P. cylindrodon (R. and S.), and 7'hecodontosaurus sp., Magnesian 
Conglomerate, Durdham Down. 
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Cheirotherium, Trias, Dumfries. 
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Yuccites vogesiacus, Schimper et Mougeot, from the Bunter, with which it is 
regarded as identical, though the Monocotyledonous affinity suggested in the latter 
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Preliminary Notice of the Occurrence of Footprints in the Lower Keuper 
Sandstone of Leicestershire. By A. R. Horwoop. 


Smee no authentic specimens of footprints from Leicestershire * 
have, until recently, been forthcoming, it is of some interest to briefly 
note here the existence of a fairly well-marked example, with all but one 
digit intact, of Cheirotherium, very similar to forms found at Storeton, 
described by Mr. H. C. Beasley as A 8, and resembling Cheirotherium 
herculis (Kg.). This specimen was found thirty years ago by Mr. J. 
Large, in excavations for a house at a depth of about 8 feet below the 
surface, on the Derby Road at Kegworth, in North Leicestershire. It 
is interesting, moreover, to note by the way that the nearest locality at 
which these footprints had been obtained hitherto, Weston-on-Trent, 
Derbyshire, on the north bank of the river Trent, is distant from Keg- 
worth only about six miles. The rareness of their occurrence in this 
part of the country is, however, sufficient reason for their record here. 

The sandstone in which the present example was found (which it 
is hoped to describe more fully later) is a greenish sandstone passing 
into ‘ skerry ’ of the Lower Keuper intercalated in the red marls, with 
way-boards or partings of a reddish, flaggy sandstone. 

Its existence was made known during excavations for the Derwent 
Valley Water Board, a scheme by which the boroughs of Leicester, 
Derby, Nottingham, and Sheffield receive water from the waters of the 
rivers Derwent and Ashop and higher ground in Yorkshire. These 
excavations show that nearly opposite the site of the house mentioned 
a small excavation had been made in the sandstone below the made 
ground covering the sandstone, giving the appearance in the 6 to 7-feet 
sewer trench of a deep V-shaped gully, but whether this extended laterally 
up to the house itself is not known. The sandstone thins out towards 


1 Those recorded in the Report for 1907 are not forthcoming, so that some 
doubt must be entertained as to their nature, and they are also from the Upper 
Keuper sandstone. 
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the river Trent about twenty yards (or rather less) from the spot where 
the footprint was found, and in the excavations entirely disappeared. 
The surface of the greenish (and red) sandstone is here frequently 
covered with ripple-marks of various sizes, ‘and with considerable 
variation in the distance between the crest and furrows of each. There 
are also sun-cracks both along the furrows and preserved separately, 
having a honeycomb arrangement formed of quadrilateral areas divided 
by raised ridges, rain-pittings, silt-marks, &c., and pseudo-morphs of 
salt-crystals (only one specimen of these was found). The footprint 
referred to was the only organic object found, unless some tracks, 
probably of invertebrates, are sufficiently definite to include here. The 
specimen came to light through the finding of two slabs of supposed foot- 
prints at the top of the sandstone by the gully mentioned, which were 
reported to the writer, but turned out to be inorganic casts of some 
concretionary structure. Within the sandstone similar cavities were 
filled like a geode with thin films of pink and orange-coloured fibrous 


gypsum. 


Investigation of the Igneous and Associated Rocks of the Glen- 
saul and Lough Nafooey Areas, Co. Galway.—Report of the 
Committee, consisting of Professor W. W. Warts (Chair- 
man), Professor S. H. Reynoups (Secretary), Mr. H. B. 
Mavre, and Mr. C. I. GARDINER. (Drawn up by Mr. C. I. 
Gardiner and the Secretary.) 


Mr. C. I. Garprver and the Secretary visited Connemara in April and 
completed their field work on the Glensaul district, commencing, in 
addition, to map the Lough Nafooey district. 

The Glensaul district is a small one, measuring only about 2 x 1 
miles. It is about three miles S.W. of the Southern extremity of the 
Tourmakeady district, recently described,’ of which it is clearly a con- 
tinuation, the type of sedimentary rock met with in the two being prac- 
tically identical. The general succession is: F 


Ill. ?Bala Beds—conglomerate and sandstone. 
These have not been studied. 


II. Llandeilo Beds. 


(5) Calcareous gritty tuff, passing in places into fairly 
pure limestone, and enclosing hands and patches 
of limestone breccia and bands of highly fossili- 
ferous limestone, which in some cases has been 
shattered by earth movement . . : . Thickness doubtful. 

(4) Very coarse tuff or breccia mainly composed of 


felsite fragments ; . < : . 750 feet, 
(3) Tuff coarse and fine with occasional patches of 

calcareous beds . : : ; : : . 150 feet. 
(2) Great felsite sill of Tonaglanna and Greenaun ._‘11,200 feet. 
(1) Tuff with some grit , : ; 5 : . 600 feet. 


! Quart. Journ. Geol, Soc., vol. xv. 1909, pp. 104-153. 
M 2 
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I. Arenig Beds. 
(4) Coarse grit . ‘ : ; , : é . 150 feet. 
(3) Fine grit and tuff associated with black chert, 
graptolitic shale, and a prominent band of 
breccia 30 feet thick . E : - : . Thickness doubtful. 
(2) Coarse grit. : : : : : . 110 feet. 
(1) Coarse conglomerate. ; ; 5 : . About 600 feet seen. 


The black shales have yielded the following considerable series 
of graptolites, which have been kindly determined hy Miss G. I. 
Elles, D.Sc., and indicate the zone of Didymograptus extensus. The 
associated cherts contain radiolaria :— 


GRAPTOLITES FROM THE ARENIG BEDS OF GLENSAUL. 


Dictyonema, sp. Thamnograptus, sp. 
a Dendrograptid. Didymograptus eatensus, Hall (common). 
Tetragraptus pendens, Elles, D. filiformis, Tullberg. 
T. Amii, Lapworth M.S. D. fasciculatus, Nich. 
T. quadribrachiatus, Hall. D. bifidus, Hall. 
Clonograptus Lapworthi, Rued. D. gracilis, Térnquist. 


In the Llandeilo rocks, both limestone and tuff, a large number of 
generally rather fragmentary fossils was found, which are being deter- 
mined by Mr. F. R. Cowper Reed. 

The crystalline igneous rocks, all of which we believe to be intrusive, 
are by no means so varied as in the Tourmakeady district, and are 
practically limited to one broad band of felsite, which is noteworthy 
from the fact that it almost everywhere contains pyroxene. 

The district is much faulted, large faults bound it on the EH. and 
W., a somewhat complicated system of faults approximately parallel 
to these bounding faults intersects it, and there are other dislocations 
of importance. 


Composition and Origin of the Crystalline Rocks of Anglesey.— 
Fourth Report of the Committee, consisting of Mr. A. 
Harker (Chairman), Mr. EK. GREENLY (Secretary), Dr. C. A. 
Matuey, and Professor K. J. P. Orton. 


Tue Committee record with great regret the loss they have sustained. 
in the death of Mr. J. Lomas, which occurred in the prosecution of 
geological research in Algeria. 

The work of the year has included the completion of the series of 
analyses of rocks of the hornfels type in Central Anglesey ; and now the 
pillowy diabase lavas with jaspers and other associated rocks (perhaps 
the most important in the island; of far-reaching importance, indeed, 
among ancient rocks beyond its limits) are being proceeded with. A 
series, also, of limestones and mudstones from the Carboniferous lime- 
stone and Old Red rocks have been analysed, which were collected 
during the survey of the Carboniferous limestone area in 1907 and upon 
which chemical information was greatly needed. Lastly, a gneissose 
marble, containing pseudomorphs after Forsterite, has been analysed. 

All the analyses are by Mr. John Owen Hughes, B.Sc., who con- 
tinues to devote to this work whatever time is allowed by his duties as 
Demonstrator in Chemistry in the University College of North Wales. 


_ 
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No. 5574. 


7 S.E. Cromlech. 


SiO, . 

Al,O, 

Fe,O, 

FeO . 

MnO 

CaO . 

MgO . 

K Om 

Na,O . : . 
H,O (at 110° C.) 
H,0O (above 110°) 


Hornfels. 
Bodafon Mountain. 


IE, 
58°52 
23°40 

3:02 

2°30 


Noe 


99°67 


peace 
He oo 
Hane 


99-68 


This rock completes the series from the hornfels associated with the 
granite. The high alkali percentage in some of these suggested doubts 
as to whether they could be of sedimentary origin. The alkalies are, how- 
ever, quite as high in this rock, and of its sedimentary origin there can 
be no doubt, the evidence in the field and under the microscope being 
decisive. It is from the beds which pass under the great quartzite of 
Bodafon Mountain, and was obtained in a small quarry which was made, 
with most fortunate results, right through the junction, in the spring 


Dolerite. 


22N.W. Boss S.W. of Bryn Lhvyd. 


of 1908. 
No. 1074. 
i 

BiO>, a. ; : 47°43 
iO}. 7: ‘ : trace 
AlLOpres : : 17-58 
Hes0} : d 2°08 
FeO). : : 7-45 
Nao). : é trace 
CaO’. : ; 10-92 
MgO . , - 6-71 
EO), : 2 trace 
NaSO- 5 : ; 3°89 
HZO(at 10a) 0-25 
H,0 (above 110°) . 2°65 
315 le le ES 0°53 

99°49 


ils Ill. 
47-47 


3°50 


99°56 


ie 


4:23 


No. 1074.’ This is the pillow diabase lava of the Newborough 
district, from the best sections, where it is quite undeformed and 


unaltered. 
No. 518A, 
22 8.  Cerig Mawr. 
SiO, . 
Al,0, 
Fe,0,. 
Alkalies 


Jasper. 
In Ellipsoidal Diabase. 


lr 
88:01 
1:36 
10°68 
None 


100°05 
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This is the jasper which occurs in the interstices of the pillowy 
diabase. It will be seen that the analysis is quite unlike that of any 
felsite or rhyolite, unless such a rock had been altered by introduc- 
tion of silica and iron, and of such a phenomenon there is no evidence 
whatever on the ground. ‘The relations, moreover, of the jasper to the 
diabase are quite inconsistent with such a view. 


Llanddwyn, near 312A. 
Dolomitic Limestone. 


Percentage MnO='01 

ae N00, 016 
This is to supplement an analysis made in a former year of 
a limestone associated with the pillowy lavas and jaspers. Jaspers 
occur in these limestones, as well as in the lavas. They frequently 
have a delicate rose colour, and this, it will be seen, is due to sub- 

stitution in the carbonate of a small percentage of rhodochrosite. 

Nos. 548 and 549 have been selected as extreme types of the lime- 
stones of the Carboniferous series, some of which are thick-bedded, light 
coloured, clean, and crystaline; the others thin-bedded, dark coloured, 


earthy, and compact. 


No. 548A. White Limestone. Carboniferous. 
Benllech Cove. 


ig Il 
Residues insoluble in HCl , H))0:32 O41 
BROS We OLS Pi Aig tone sae eye. 0-19 
CaO ©. 3 : ‘ : ; « 55743 55°37 
MgO. 5 : : ; “ = -- 
GO; . : ‘ ‘ ‘ ; . 4416 44-19 
100:08 100°16 
Percentage CaCO, 98:98 98°87 


Very white and crystalline. Its purity is remarkable. Corals are 
often abundant in the limestone of this type. 


No, 549A. Black Limestone. Carboniferous. 
Benllech Sand. 


it aE, 
Residues insoluble in HCl 5 . 22°02 21°66 
Al,O,+ Fe,O,  . ; : : . 0:24 0-49 
CaO F . F : : 22 AlibT 41°61 
MgO m , . ; - Se leo 1:16 
COs ; . ‘ ‘ ; oye} 33°91 
98°73 98°83 

Undetermined = 1:27 117 

Percentage CaCO, = 74°23 74°30 


The insoluble portion has the following composition :— 


BAGS Sh, Wey PRU es wtp ratins er 90:23 
ALOreHs.O1 i Geethe fF be eaeee 9°28 


99°95 99°51 
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The undetermined part consists of free carbon and some volatile sul- 
phides. During the grinding process the smell of H.S or some organic 
sulphide was detected, and lead acetate paper was blackened when held 
near the freshly-ground rock. An attempt was made to dry distil the 
rock and condense the vapours evolved, and this was partly successful. 
When the powdered rock was strongly heated fumes were evolved 
having an offensive odour resembling that of petroleum as well as H.S, 
and which were condensed to a pale yellow oil; as, however, only about 
three drops were collected it could not be further examined. 

Further examination of this rock would be of great interest. 

This rock is thin-bedded, compact, and very dark. Corals are rare, 
and indeed fossils generally less abundant than in the other type, except 
in certain seams in which are large numbers of Produclus giganteus. 

Nos. 546,, 5474, have been examined on account of the dolomitic 
appearance that certain beds assume in the neighbourhood of masses of 
coral. 


No. 546A. G'rey Limestone. Carboniferous. 


Penrhyn y Gell. Traeth Bychan. 


T II. 

Residues insoluble in HCl ; ae (i9o 799 
Al,0,+ FeO, . ; s , =) O:62 0°58 
CaQ. : P : ; : . 50°49 50°53 
MeO. ; ‘ : ; : . 069 0-51 
COy-. A ; : $ 3 . 40°42 40°35 
100-15 99-96 

Percentage CaCO,= 90°16 90:23 


This is a massive, lightish grey limestone, of a type that makes up a 
great part of the Carboniferous series. The percentage of insoluble 
residues is higher than might have been expected from the appearance 
of the rock. 

No. 547A. 


From same bed as 5AGA, but close to a coral. 


Ts TT; 

Residues insoluble in- HCl ‘ - O24 018 
Al,O, 5 : 5 , ‘ ~~ O63 0:69 
Fe,0, ’ : : : 4 ee LAB 1:34 
FeO . : : é . ; lasts 5-63 
CaO . 4 t F ‘ 5230525 30°36 
MgO. ; c : E I . 16:22 16°19 
(1 NE ASE SSC Me BME? twee 45°69 
100°12 100°08 

Percentage FeCQ,= 8:99 9:07 

LS CaCO, = 5401 54°19 

3 Mg CO, = 34-06 33:99 


It will be seen that in the neighbourhood of the coral, iron as well 
as magnesium replaces calcium in the carbonate, and that the soluble 
_ residues sink from nearly 8 to less than *5 per cent. 
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No. 544A. 

Mass of Dolomite in Carboniferous Conglomerate. Lliqgny Bay. 
I, THE, 

Residues insoluble in HCl : + OR, 1:21 
Al,0O,+Fe,O, . 3 : : A pelle@ikss 17-07 
CaO . i 2 : : : . 29°67 29°88 
MgO. 3 , ; : ’ . 10:02 9°95 
COpae ; : : ; : . 42:28 42-22 
100-15 100°33 

Percentage CaCO, = 52°98 53°35 

+ MeCO, = 21:04 20°89) 


This is from some curious, irregular masses that occur in very coarse 
conglomerates at the base of the Carboniferous series. 


No, 5114. Red Muddy Sandstone. 
TNE. Traeth yr Ora, 


i BE 

Residues insoluble in HCl 4 « 8479 85:03 
Al,O,+Fe,O, . 6 ; : jee Sh! $18 
CaO . 5 . 3 5 ° ; ea) 1°28 
MgO. 5 ee 2-06 
en ee eee Ye Tee ER 352 
99-95 100-07 

Percentage CaCO, = 2°08 2°25 

3 MegCO, = 4-41 4:33 


This is perhaps the most prevalent type of rock in the Old Red 
series. In it occur many beds of cornstone. 


No. 478A. Forsterite Limestone. 
3 .S.L. 500 to 800 feet N.E. of Rhosmynach. At Contour. 


i sit 

Residues insoluble in HCl ' ee Lua BT 44 
PAO ee ha arg ne eas ED 2°35 
¥e,0,. ; ; ; : 5 . 3:03 3°10 
CaO . ; : : : . . 29°05 29°37 
MgO. : : : ; : peeaks 2:27 
EC, Obs ema eae ae eta 25°56 
100°20 100-09 

Percentage CaCO, = 51°87 52-44 


This rock is one of a group of limestones that occur in a highly 
crystalline gneissose complex in the N.H. of Anglesey. They are 
all rich in crystalline silicates (to which is due the high percentage of 
insoluble residues), and among these are pseudomorphs that are almost 
certainly after Forsterite. An analysis of the insoluble residues will 
probably reveal much more magnesium than that which still remains as 
a carbonate. 


Notr.—The analyses completed up to date may be summarised as 
follows:—A series from the Hornfels group, to which it will not be 


ON THE CRYSTALLINE ROCKS OF ANGLESEY. 169 


necessary to add any more, though the granite itself and the basic 
gneiss should be analysed if possible. ‘Partial analyses of a number 
of the dykes, to which a few more should be added in order to compare 
dykes of different groups. A series from the Carboniferous limestone, 
which may be regarded as sufficient. The principal rocks of the Ser- 
pentine-Gabbro complex have now been done, but tremolitic and other 
exceptional rocks of that complex should be added. The important 
groups of the jaspers and pillowy diabases are now nearly finished. 
But of the schists into which they are believed to pass only one or two 
have been analysed, and as difference of opinion still exists concerning 
the origin of some of these, and as they are widespread types, the 
question is an important one. ‘This, indeed, is the most important 
research yet remaining from the chemical point of view, and Mr. 
Hughes is preparing to go on with, it. Even when that and some 
miscellaneous rocks of exceptional interest have been dealt with, large 
groups, particularly in the Holyhead and northern region of the island, 
will still remain, and it may not be possible to deal with these. 

The Secretary hopes to complete the map in about a year, and 
detailed written descriptions in perhaps eighteen months after that, 
and while this work is proceeding Mr. Hughes intends to go on with 
the analyses as indicated. 

There is scarcely any wear and tear of apparatus, the average annual 
expenditure is under 1/. A small grant to cover this for, say, the 
three years remaining is asked for. 

The Committee therefore ask to be reappointed, and to replace the 
late Mr. Lomas it is proposed to appoint Dr. John Horne, F.R.S., the 
Assistant Director of the Geological Survey of Scotland. Dr. Horne 
paid an (official) visit of a week to the Secretary last autumn, has taken 
unremitting interest in the work since then, and is willing to serve 
on this Committee. 


Irratic Blocks of the British Isles —Ieport of the Committee, con- 
sisting of Mr. R. H. TippEMAN (Chairman), Dr. A. R. DWERRYHOUSE 
(Secretary), Dr. 'T. G. Bonnry, Mr. F. M. Bourton, Mr. F. W. 
Harmer, Rev. S. N. Harrison, Dr. J. Horne, Professor W. J. 
Souuas, and Messrs. J. W. SratHerR and W. 'T. Tucker. 


Reported by Mr. A. C. Daron. 
From the neighbourhood of Scunthorpe, in Lincolnshire :— 
1 specimen of Elolite Syenite, Norway. 


4 specimens Andesite from Lake District. 
I specimen Andesitic Ash, Lake District. 


1 = Andesitic Breccia, Lake District. 

1 ay Fine-grained grit (Silurian), South of Scotland. 
l xy Porphyrite, Cheviot District. 

1 > Hard Chalk, Yorkshire. 
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Also the following rocks of unknown derivation :— 


1 Carboniferous limestone. 
I! 5 sandstone. 
1 Millstone grit. 
1 Diorite. 

I Fine-grained granite. 

4 Dolerite. 

8 Quartzite (probably from Trias). 

5 Sandstone (from secondary rocks). 

2 Limestone (from secondary rocks). 

1 Micaceous grit. 

1 Coarse grit. 
1 Porphyrite. 

4 Mica schist. 

1 Mica-chlorite-schist. 

1 Hornblende schist. 

1 Homblende granite. 

1 Quartzose breccia (probably fault-rock). 

2 Chert. 

1 Chert with Oolitic structure. : 
1 Vein quartz. 

1 Felspathic grit with blue quartz. 


Reported by Rev. EK. Aprian Wooprurre-Peacock, F.L.S., F.G.S. 


_ A specimen of a coarse grit found in the neighbourhood of Brigg, in 
Lincolnshire, which, in the opinion of several members of the Geological 
Survey, strongly resembles the grits of the Highland Border. 


Reported by Mrs. Ernest Jonus, Harwood Dale, Kendal. 


A large boulder of Shap granite exposed during the excavations for the 
foundation of a house on the outskirts of Kendal. 


The following boulders found in Northumberland and Durham are 
reported through the Boulders Committee of the University of Durham 
Philosophical Society. 


(i.) Reported by Dr. J. A. SmyvHe. 


{a) From Eachwick Kaims, Eachwick, three miles west of Ponteland, 
Northumberland :— 


Threlkeld granite. Volcanic series of Borrowdale. Greywacke. Cheviot 
porphyrite. Granite. Whin Sill. Carboniferous limestone. Basalt. 


(0) From Kirkley Kaims, Kirkley Hall, three miles north of Ponteland, 
Northumberland :— 


Volcanic series of Borrowdale. Greywacke. Various granites. Several 
porphyrites. Chert. Saccamina limestone. Amygdaloidal lava. Car- 
boniferous limestone. Basalt. 


(c) From Dewley Hill Kaim, near Walbottle, Northumberland :— 


Armboth Dyke. Volcanic series of Borrowdale. Greywacke. Cheviot por- 
phyrites. Quartz pebbles. Several granites. Carboniferous limestone. 
Basalt. 


(d) From pebble bed, Duddo Burn, near Stannington, Northumber- 
and :— 


Cheviot porphyrite. Greywacke. Chert. Coarse granite. 
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(e) From pebble bed, Shilvington Slack, near Whalton, Northumber- 
land :— 
Cheviot granite. Basalt. Greywacke. 


(/) From boulder clay, Braid Hill, Callerton, Northumberland :— 
Threlkeld granite. Decomposed Criffel granite. 
(g) From boulder clay, How Burn, near Foulmartlaw, near Bolam, 
Northumberland :— 
Coarse granite with porphyritic felspar. 
(kh) From boulder clay, River Blyth, near Thorneyford, three miles 
north of Ponteland, Northumberland :— 
Criffel granite. 
(() From boulder clay, Gurry’s Point, Monkseaton, Northumber- 


land :— 
Volcanic series of Borrowdale. Granite. Cheviot porphyrite. 


(j) From boulder clay, Coast near Brier Dene Burn, Monkseaton, 
Northumberland :-~ 


Cheviot porphyrite. Basalt. Diorite. Several granites. 


(k) From boulder clay, Kenton Quarry, near Newcastle :— 


Threlkeld granite. Armboth Dyke. Volcanic series of Borrowdale. Coarse 
i grey and red granite. Eurite (Cheviots ?). Purple Cheviot porphyrite. 


(!) From boulder clay, Brunton Quarry, near Newcastle :— 


Volcanic series of Borrowdale. Greywacke. Cheviot granite, 


(u.) Reported by Dr. Wooxacorr. 


(a) From Grindon Kaim, near Sunderland :— 

Cheviot granite. Red granite. Borrowdale volcanic series. Quartz pebbles. 
Greywacke. Felsite. Carboniferous limestone. Felspathic grit. Iron- 
stone. Coal. Quartz porphyry. Cheviot porphyrite. Whin Sill. Basalt. 
Numerous pieces of Magnesian limestone —some of the cannon-ball and 
other concretionary types. 


(b) From boulder clay, Whitley Bay, Northumberland :— 


Volcanic series of Borrowdale. Cheviot porphyrite. 


(c) From boulder clay, quarry near Horden, Durham :— 


Volcanic series of Borrowdale. 


(d) From raised beach, Cleadon, near Sunderland :— 
Piece of chalk. Black flint with chalk attached. Several flints. 


(e) From boulder clay, The Flats, North Shields :— 
Cheviot porphyrite. 


(f) From boulder clay, Hendon Banks, Sunderland :— 
Cheviot porphyrite. 
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(g) Boulders of Volcanic series of Borrowdale reported from east of 
Hetton-le-Hole, Consett and Wingate Old Quarry, Durham. 
(h) From boulder clay, Kenton Quarry, near Newcastle :— 


Besides those reported by Dr. Smythe: dark fresh porphyrite (Cheviots ? 
5 cubic feet in volume). Grey granite (Criffel ?). Basalt. Shale with 
cone-in-cone structure. Red conglomerate. 


(c) From boulder clay, Claxheugh, Sunderland :— 


Cheviot porphyrite. Cheviot felsite. Basalt. Carboniferous limestone. 


(ui.) Reported by Mr. EK. Merrick and Dr. Wooxacort. 
(a) From boulder clay, Nightingale’s Brick Works, Forest Hall, near 
Newcastle :— 
Rhyolyte. Cheviot porphyrite. Greywacke. Diabase. Garnetiferous mica 
schist. Carboniferous limestone. 
(6) From Tyne Quarry, Walker, near Newcastle :— 


Volcanic series of Borrowdale. Threlkeld granite. Quartz felsite. Cheviot 
porphyrite. Volcanic ash. Schist. Red and grey granites. Carboni- 
ferous limestone (5 cubic feet in volume). 


(c) From black stony clay, Standard Brick Works, Heaton, Newcastle- 
upon-Tyne :— 
Piece of chalk. Amygdaloidal tuff. 


(d) From boulder clay, Walker Clay Pit, near Newcastle :— 
Cheviot porphyrite. Tuff. 

(ec) From black clay, Walker Clay Pit, near Newcastle :— 
Striated boulder of chalk. 


(/) From Bird’s Nest Quarry, Walker, near Newcastle :— 
Dark fresh porphyrite (Cheviots). 


(g) From boulder clay, Butcher Hill, near Matfen, Northumberland :— 
Cheviot porphyrite. Granite. 
(k) From boulder clay, Brickyard, near Marden Tower, Whitley, 
Northumberland :— 


Cheviot amygdaloidal andesite. Carboniferous limestone coral. Magnesian 
limestone. 


(t) From boulder clay, Whitley Links, Whitley, Northumberland :— 
Cheviot porphyrite. 


(j) From yellow clay, Robson’s Sand Pit, Heaton, Newcastle :— 
Quartz felsite. Cheviot porphyrite. Basalt, 


(k) From boulder clay, Brick’s Limited, Forest Hall, near Newcastle :— 


Voleanic series of Borrowdale. Basalt. Carboniferous limestone. Gabbro 
(Carrook Fell 2? 1 cubic foot in volume). 
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(1) From boulder clay, Benton Loop, North-Eastern Railway, near 
Nevreastle :— 
Volcanic series of Borrowdale. 


(m) From clay, Leam Head, Springwell, near Gateshead :— 


Threlkeld granite (two boulders, one of them 1 cubic foot in volume). Whin 
Sill. Volcanic series of Borrowdale. 


(n) From clay, Moss Heaps, Wrekenton, near Gateshead :— 
Granite. Greywacke. 


(iv.) Reported by Rev. W. J. WINGATE. 


Volcanic ash of volcanic series of Borrowdale found near Crook, and Threlkeld 
granite found at Bishop Auckland. 


(v.) Reported by Mr. A. BELL. 


Volcanic series of Borrowdale at St. Helens, near Bishop Auckland. 


BovuLpERS COMMITTEE. 


Report No. 3. March 1909. 


The following boulders and pebbles have been collected and determined 
by members of this Committee since the last report was issued :— 


(I.) From boulder clay, Keaton, near Neweastle. Collected by 
R. C. Burton, G. Weryman, and the members of Armstrong College 
Geological Surveying Class :— 


Dark fresh porphyrite (Cheviots ? 5 cubic feet). Threlkeld granite (4 cubic 
foot). Several pieces of volcanic series of Borrowdale. Cheviot granite. 
F Grey granite (Criffel?). Basalt (several). Shale with cone-in-cone 
structure (several). Carboniferous limestone (numerous). Red con- 
glomerate. Clay ironstone. Septarian nodule. Sandstone. 


(II.) From Grindon Kaim, near Sunderland. Collected by Dr. Woora- 
corT. 


Pebbles, mostly small, with one or two exceptions all less than 4 cubic foot. 

Cheviot granite. Red granite. Borrowdale volcanic series (numerous). 
Magnesian limestone (very numerous)—some specimens of the cannon- 
ball and other concretionary types. Quartz pebbles. Greywacke 
(several). Felsite. Carboniferous limestone. Felspathic grit. Coal. 
Shale. Sandstone. Quartz porphyry. Purple porphyrite (Cheviots). 
Tronstone. Whin Sill. Basalt. 

Some of the stones were scratched. An incipient cementation occurs in places 


(III.) From boulder clay, small quarry behind Claxheugh, near 
Sunderland. Collected by Dr. Smytue and Dr. Wootacorr. 


Cheviot porphyrite. Cheviot felsite. Basalt. Carboniferous limestone. 


(IV.) Tyne Quarry, Walker, near Newcastle :-— 


(a) From ‘rag’ or ‘ mixture clay.’ Volcanic series of Borrowdale. Basalt. 
ee red granite. Sandstone. Carboniferous limestone (5 cubic 
eet). 

(b) Lying loose. Volcanic ash. Schist. Volcanic series of Borrowdale (5,' 
one 1 cubic foot). Greywacke (2). Granite (red and grey). Threlkeld 
granite (3). Quartz felsite (2). Cheviot porphyrite. Granite (Criffel ?) 
(2). Red grit. 


' The numbers placed after some of the specimens refer to number of that rock 
noted. The size of the specimen is given wherever it is noteworthy. 
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(V.) Bird’s Nest Quarry, Walker, near Newcastle :— 
Dark fresh porphyrite. (Cheviot, 4 cubic foot.) 


(VI.) Brick’s Limited, Forest Hall, near Newcastle :— 


Volcanic series of Borrowdale. Basalt. Carboniferous limestone (numerous). 
Gabbro (Carrock Fell ?, 1 cubic foot). 


(VII.) Benton Loop, North-Eastern Railway, near Newcastle :— 


Volcanic series of Borrowdale. 


(VIII.) Leam Head, Springwell, near Gateshead :-— 


Threlkeld granite (2, one 1 cubic foot). Whin Sill. Volcanic series of Borrow- 
dale (2). 


(IX.) Moss Heaps, Wrekenton, near Gateshead :— 


Granite. Greywacke. 


(IV. to IX.) collected by E. Merrick and Dr. Wooxacort. 


(X.) Boulder clay. Nightingale’s Brick Works, Forest Hall, near 
Newcastle :— 
Garnetiferous mica schist. 


(XI.) ‘ Black clay.’ Walker Clay Pit, near Newcastle. 


Striated boulder of chalk. 
(X. and XI.) collected by E. Murricx. 


Striations on the rock surface have been observed at Brick’s Limited, 
Forest Hall, near Newcastle. Direction, N.W.-S.E. 


The following notes are contributed by Mr. A. R. Horwoop, of the 
Leicester Museum :— 


Distribution of Erratic Blocks in the Drift of Leicestershire. 


These notes are supplementary to those previously published by 
Messrs. PLANT and others, recorded in earlier reports upon the Erratic 
Blocks, and to the summary compiled by Mr. C. Fox-Srraneways, F.G.S., 
in ‘Geology of the Country around Leicester,’ 1903, pp. 59-60 (‘Mem. 
Geol. Surv. Explanation of Sheet 156’). 

The notes are best arranged according to localities, and these have 
been grouped together in the drainage areas to which they respectively 
belong. For it is clear that the present valleys are simply preglacial 
valleys which have heen traversed by glaciers, leaving their accumulations 
of boulder clays, sands and gravels in these same valleys, and also in 
plateau form upon the hills. The source of the boulders, either from the 
north-west or north-east, is sufficiently clear to those conversant with the 
different boulder clays and the characteristic erratics of each. 


A.—Valley of the River Soar. 


1. North of Leicester, 


Leicester (Essex Road).—A block of weathered Mount Sorrel granite, 
4 it. 6 in. by 2 ft. 6 in. by 1 ft. 6 in., somewhat angular and roughly penta- 
gonal, lying parallel with the road, occurs here. It has ne doubt been 
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brought to its present position by human agency from adjacent beds of 
drift 


Leicester (Vass’s Brickyard).—A small block of Mount Sorrel granite, 
15 in. by 8 in. by 6 in., has a rounded surface, and there are other smaller 
blocks, chiefly of granite, but also of slate, probably from Swithland, 
in proximity, with quartzite pebbles. 

Leicester (County Brick Works).—A large roughly trigonal or threc- 
sided boulder of Mount Sorrel granite, has a facetted contour. It is much 
pitted and fretted. It contains patches of darker colour, which may be 
“segregation masses.’ It measures 38 in. by 38 in. by 34in. The edges 
are more or less rounded. 

Leicester (between Leicester and Thurmaston), Star Brick Works——Here 
there are many boulders, varying in size from cubes of 2 ft. to 3 ft., and 
various types of sandstones and quartzites. Several slabs of sandstone, 
measuring circ. 1 ft. by 8 in. by 6 in., are quite flat upon one side, rounded 
or roughly quadrangular on the other. Small angular granite boulders 
occur in the river-gravels at this point. Many of the small pebbles and 
boulders in the latter are normally horizontally bedded, but others occur 
im situ, like Bunter pebbles—which many of them undoubtedly actually 
are—with the longer axis vertical. It is difficult to account for this 
phenomenon except by assuming the existence of somewhat turbulent 
currents at certain points, or eddies, accompanied by pounding and rapid 
deposition of sand and gravel, which would tend to arrange the larger 
blocks in a manner not consistent with the normal relation between the 
specific gravity of the boulders and the surrounding matrix. 

Leicester (Belgrave Brick Co.).—In drift overlying red marl a small 
boulder of Mount Sorrel granite and many small quartzites, much resem- 
bling the Hartshill quartzites, and milky white flints, occur. 

_ Levcesier (Barrow’s Brick Pit, West of the Midland Railway).—Countless 

rounded quartzite pebbles, some like the liver-coloured variety, but 
varying greatly in colour and texture, occur, and rocks of northern origin 
are intermixed with others, such as granite, millstone grit, Coal-measure 
sandstone, &c., of local or Derbyshire origin. Filints are not so plentiful 
as at the last locality, immediately south. One mass of granite (15 in. by 
8 in. by 6 in.) has a curiously rectangular shape, with a regularly pitted 
and polished surface, soapy to the touch. Millstone grit is pretty abundant, 
and some dark rocks and a banded slate, probably from Charnwood 
Forest. The size of the rounded quartzite pebbles, many of which are 
derived from the Bunter, is remarkably uniform, varying from 3 in. or 4 in. 
to 6 in., some few more, some less. The shape, too, is characteristic, and in 
their outline one can see an originally quadrangular shape, or occasionally 
a much more irregular original contour. All degrees of smoothness and 
angularity are represented, and the origin of these pebbles must be 
extremely heterogeneous, for when split open they betray very diverse 
sources, the colour, texture, hardness, composition of the quartzites 
being very variable, every gradation between a true quartzite and a 
coarse or fine sandstone or grit existing. 

Thurmaston Brick Co.’s Pit.—Several large blocks of Mount Sorrel 
granite, one very large block of Coal-measure sandstone, Rhaetic and Lias 
limestone, and bolite, varying from cubes of 2 ft. to 3 ft., are found here, 
indicating a mixed origin of the drift beds above the Quartzose sand. 
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2. South of Leicester. 


Knighton Junction Brick Co.—Several large blocks of granite, probably 
from Mount Sorrel, occur here, one with dark patches similar to those seen 
at the County Brickworks, and varying from 2 ft. by 2 ft. by 1 ft. 6 in. to 
cubes of larger size. Small quartzite pebbles are again abundant. One 
large block ‘of granite is roughly hexagonal, and in the direction of the 
longer axis is 25 in., the greatest breadth 28 im., and the height 1 ft. 3 in. 
The sides are in parts flat and worn, smooth and polished. In others a 
kind of ‘skin’ covers the surface. Some thirteen of small size lying near 
are smooth and polished, with the same skin-like covering, and one is 
square. In some cases the original angular corners have been worn smooth. 

Leicester, Saffron Lane “(Underwood’ s Pu).—Mount Sorrel granite 
boulders from 3 ft. cubes to smaller sizes occur here, many being I cubic 
foot. Slabs of Swithland slate are also to be found. Some very large 
quartzites are to be seen uniformly distributed. The following examples 
of granite measured were 35 in., 38 in. by 28 in. by 16 in., 37 in. by 29 in. by 

18 in., with rounded edges, a smoothed and polished surface, in parts with 
felsitic veins. 

Aylestone (south of Middleton Street)—A large roughly rectangular 
boulder, with angular corners and smooth sides, of Mount Sorrel granite ; 
is 39 in. by 35 in. by 26 in. 

Biggs’ Sand Pit.—A large boulder, whose longer diagonal lay N. by 8., 
measured 52 in. by 44 in. by 36 in. About I ft. of the boulder was 
embedded in the underlying, rather soft, quartzose sand, and around the 
base the matrix was puddled, due to drainage from its area collecting at 
the base, and causing the boulder to gradually settle lower down into the 

sand. The upper portion lay in reddish boulder clay. 

Blaby (Hattord’ 8 Brickyard). —A large boulder of Mount Sorrel granite, 
39 in. by 31 in. by 12 in., occurs here, with many smaller ones of different 
age; many of them are very rounded and smooth and polished. Several 
rounded blocks of millstone grit, some Coal-measure, sandstone, skerry, 
and Keuper sandstone alse occur. The quartzite pebbles are very large. 


B.—Tributartes draining ground east of the River Soar, running 
into the Soar. 


Thurnby (Sand-pit, north of Houghton Road).—Here a few granite 
boulders and quartzites may be seen in hollows in the glacial sands and 
gravels. 

A large boulder of granite, 50 in. by 31 in. by 1 ft., lies at the side of 
the well in the village. It is flat-topped, and though placed where it now 
stands by human agency it doubtless comes from glacial beds close by. 

Ingarsby (near Butt’s Farm).—Several blocks of Mount Sorrel granite 
lie about—e.g., one angular block 18 in. by 18 in., one rounded block 
18 in. by 18 in. cire., one rounded block 3 ft. by 2 ft. Between this 
point and Houghton there is a large slab of angular, roughly quadrangular 
marlstone, near a pit in glacial sands and gravels, 39 in. by 19 in. by 14 in. 

Between Withcote and Launde.—By the stream-side near Launde a 
large boulder of tufa, 54 in. by 49 in. by 22 in., lies on rising ground, with 
slightly rounded edges. 


rr 
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Investigation of the Fossiliferous Drift Deposits at Kirmington, 
Lincolnshire, and at various localities in the East Riding of 
Yorkshire.—Report of the Committee, consisting of Mr. G. W. 
LampiueH (Chairman), Mr. J. W. StaTHEeR (Secretary), Dr. 
TEMPEST ANDERSON, Professor J. W. Carr, Mr. W. LOWER 
CarTER, Dr. A. R. DwerryHouss, Mr. F. W. Harmer, Mr. 
J. H. HowartH, Rev. W. JOHNSON, Professor P. F’. KENDALL, 
and Messrs. G. W. B. Macturx, EK. T. NEwTon, CLEMENTS 
Rep, and THoMAS SHEPPARD. (Drawn up by the Secretary.) 


In our report for 1907, presented at the Leicester meeting of the Associa- 
tion, it was mentioned that difficulty had been found in obtaining per- 
mission to excavate on a site in East Yorkshire, on which it had been 
intended to carry on the work. This difficulty proving insuperable, the 
committee decided to carry further the investigation already begun upon 
the Bielsbeck site, as described in the report above mentioned. 

The extent of the fossiliferous deposit at this site had already been 
partly determined by boring tools, and it was hoped that by sinking 
small pits in places not previously explored in this manner, further 
results of interest might be obtained. This has now been done so far 
as the funds still remaining in our hands would allow, and a further 
collection of bones and other fossils has been secured, without, however, 
materially adding to the previous lists. It is not therefore proposed to 
apply for a further grant, and it remains only to describe the work of 
the last season. 

The position and previous history of the Bielsbeck deposit was 
described in our report for 1907 and need not be repeated. The work 
done last autumn (1908) was the sinking of a series of trenches or pits, 
each having a diameter of from 8 to 10 feet, as shown on the plan and 
sections, pp. 178 and 179 :— 


Tt will’be seen from the diagrams that in pits Nos. 1 and 6 the 
unfossiliferous gravel rested directly on the Keuper Marl, but that in the 
other pits a wedge-shaped mass of the fossiliferous black mari intervened 
between them. From this material, in pits Nos. 2, 3, and 4, were 
obtained numerous bones, mostly more or less imperfect. These bones, 
which in the aggregate weighed about 1 cwt., have been preserved, and 
the determinable specimens have been submitted to Mr. HE. T. Newton, 
F.R.S., who reports that two species of animals alone appear to be 
represented, viz., Elephas primigenius and Bison priscus. Of the 
former animal the remains included :— 


Bones FRoM Bietspeck, 1909, 


Elephas primigenius? 5 pieces of a tusk. 
distal end of humerus. 


shaft of humerus (4 pieces), 


3 = ditto. 

* 4 piece of pelvis. 

distal end of fibula. 

1909. N 


MAQUI cower 
“~~ 
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Bielsbeck, East Yorks. Excavations, 1908. 
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9  Elephas primigenius? left cuboid (hind foot). 


10 55 5 left cuneiform of hind foot. 
11 ie 3 rib. 
12 :. as P rib. 


Of Bison priscus were found :—- 


13 Bison priseus horn core. 

14 ts 49 base of skull. 

15 93 oF piece of skull. 

16 5 3 last lower molar. 

17 i a; lower molar. 

18) 

19 “7 fl oe 
20 ” ” portions of lower jaws. 
2) 

22 iG ” condyle of skull. 

23 

24 

25 

26 + * vertebre. 

27 

28 

29 

30 : ee fdiatand 
3] ; 5 very large tibia (distal end), 
“A ” ” scapula (pieces). 

= ; - pieces of femur. 

36 ‘5 m piece of distal end of tibia. 
4 ; distal condyles of femur. 
39 " + fragments of tibia. 

40 

4) 

42 

vi ; fragments of limb bones. 
45 

46 

47 

48 a 3 piece of pelvis ? 

49 MS % piece of skull ¥ 

50 - es P rib: 

51 F 5 P rib. 

52 = ?? fragments. 

53 94 x ? patella. 

54 4 7 2? rib. 

55 “F 5 2? neural arch. 


The results obtained were thus in full agreement with those of the 
earlier investigators and of our own work of 1906, and the general con- 
clusions as to the origin and character of the deposit stated in our 
report of 1907 are confirmed. 

The Committee desire again to record their thanks to W. H. Fox, 
Esq., for permission to excavate; to the tenant, Mr. Howes; to Mr. 
W. H. Crofts; and to Mr. T. Stainforth for his services in superintend- 
ing the work and dealing with the material collected. 

The Committee do not ask for reappointment. 
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The Excavation of Critical Sections in the Palezoic Rocks of 
Wales and the West of England.—Report of the Committee, 
consisting of Professor C. LapwortH (Chairman), Mr. G. W. 
FEARNSIDES (Secretary), Dr. J. E. Marr, Professor W. W. 
Warts, and Mr. G. W. WILLIAMS. 


On some further Excavations among the Cambrian Rocks of Comley, 
Shropshire, 1908, by E. 8. Cossoxp, I'.G.S. 


THE excavations made during 1907 in the Cambrian rocks of Comley, 
Shropshire, were reported upon to the Dublin meeting of the British 
Association. These excavations were unavoidably interrupted early in 
the autumn of that year, and resumed in the spring and summer of 1908. 

The additional excavations form the subject of this second com- 
munication. 

The positions of the excavations of 1907 were shown on a sketch- 
map (reprinted below), and numbered 1 to 19 ; those of 1908, which were 
confined to Dairy Hill, the Shoot Rough Road, and one spot near the 
Comley Quarry, can be localised thereon from the notes appended. 


Dairy Hill Excavations. 


It had been ascertained by Excavation No. 8, 1907, that the lane 
round the north end of Dairy Hill was cut through a domical covering of 
the conglomerate of the Quarry Ridge Grits to the Olenellus Limestone 
and Lower Comley Sandstone below; also by Excavation No. 10 that 
rock similar to the Quarry Ridge Grits occurs at the top of Dairy Hill; 
and by Excavation No. 12, in the disused quarry near the south fence 
of the Dairy Hill field, that rocks very similar to the Lower Comley 
Sandstone occur there. 

It was a natural inference that the place of the Olenellus Limestone lay 
between these two last-mentioned excavations; but it seemed advisable 
first to ascertain more exactly the nature of the junction between the two 
sets of beds in the Dairy Hill Lane, and to seek an explanation of the 
absence of the Black, Grey, and French Grey Limestones which occur 
between them in the Quarry Ridge (see Sections Nos. 1 and 2 of the 
previous report). 

With this view Excavation No. 3 in the south bank of the lane was 
enlarged. The observations of 1907 were confirmed; no trace of the 
missing limestones was discovered ; and the conglomeratic portion of the 
Quarry Ridge Grits was proved to rest directly upon the Olenellus Lime- 
stone, and yielded fragments referable to Paradozides ; while the Olenellus 
Limestone’ yielded many of the fossils found in the same bed in the 
Quarry Ridge. 


' This limestone and associated sandy rock has a somewhat different aspect from 
that of the quarry. The characteristic reddish-purple nodules are there, but the 
remainder of the bed might be described as a green, caleareous and micaceous sand- 
stone. 
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Fossils :-— 


Olenellus, many fragments, some of which are referable to 0. (Holmia) 
Callavei, Lapw. 

Microdiscus Helena, Walcott. 

Ptychoparia(?) Atteboroughensis, Schaler and Foerte. 

Kutorgina. 

Linnarssonia. 

Stenotheca rugosa var. 

Mickwitzia (?). 


It seems probable that, prior to the deposition of the Paradozides-bear- 
ing Quarry Ridge Grits, the Black and Grey Limestones had been denuded 
at this point, but in such faulted ground the evidence is not conclusive. 

Close to Excavation No. 12, of 1907, in the disused quarry, at the 
south end of Dairy Hill, I found some fragments of grit in the soil, in- 
dicating the possibility that the grits might be found there in contact 
with the supposed Lower Comley Sandstone. 

Further excavation was therefore made at this point, and a north 
and south section, some 14 yards in length, was exposed, the beds 
dipping about 10° to the west. 

The upper part of the section shows 3 feet of bedded grit, similar 
to that of the upper portion of the Quarry Ridge Grits, resting conform- 
ably upon and graduating into some 10 feet of soft micaceous green 
sandstone, many of the beds of which are characterised by rusty 
circular spots. 

No fossils were found in this section, and it is impossible at present 
to assign these rocks to any previously described portions of the Comley 
Sandstone Series. The transition from grit to sandstone appeared to be 
complete, with no sign of either unconformity or faulting. 

In the hope of throwing further light on these Dairy Hill beds, a 
number of trial holes were made on the surface of the field and the results 
mapped in detail; but no definite opinion as to the succession could 
be formed. 

It is at present very doubtful whether the micaceous green sandstones 
belong to the Lower Comley Sandstone, and it is also uncertain whether 
the grits are part of the Quarry Ridge Grits. 

Further excavations, either here or at other spots in the Comley area, 
are required before the positions of these beds in the Comley Sandstone 
Series can be satisfactorily determined. 


Shool Rough Road Excavations. 


Previous excavations had been directed to the elucidation of the rela- 
tions between the lower part of the Paradoxides beds and the Olenellus 
zone below. ‘The excavations now to be described are in strata of a con- 
siderably higher zone, probably near the top of the Paradozides-bearing 
division of the Cambrian. 

On reference to the north-east corner of the sketch-map a road may be 
seen leading eastwards to Cardington. This is the Shoot Rough Road.! 
It ascends eastwards on ground which slopes southwards to a small stream, 


1 So called because it passes (beyond the limits of the map) between the Shoot 
Rough Wood and Shoot Rough Farm. 
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and its north side, being cut into the soil, touches rock at two portions of 
its length. 

Both these expcsures were much overgrown; the upper one, which 
is on the field side of the hedge, showed shale in association with gritty 


- 
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Excavation No. 20. Shoot Rough Road, Upper Section. 


flags, in which Professor Lapworth had previously found fragments of 
trilobites ; the lower exposure consisted of sandstones, grits, and shales 
seen only in the road gutter, and from somewhere in this lower length 
Professor Lapworth, in company with Mr. Rhodes, had collected Orthis 
Christiani@, Kjerulf (or a closely allied form). The exposures were opened 
up by excavation, and the following sections displayed. 
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‘The length in an east and west direction is about 24 yards. 
The beds dip about 50° to the north-east, except at the western end, 
_where a slight anticlinal fold sets in, bringing the dip round to nearly 
north. 

E.S.E. End of the Section. 


a. ‘ Shoot Rough Road Shales.’ } Ft. In. 


Bluish-grey micaceous shale, weathering brown, a good deal crushed 
but clearly conformable with the underlying beds, and contain- 
ing some very thin (4 or 3; inch) coal-black seams, and a few 
hard siliceo-micaceous bands (3 to 3 inch thick) near its base 
(top not seen) . : - : : : : : a 


b. ‘Shoot Rough Road Flags’ :— 
A series of coarse, glauconitic, gritty flags, in places calcareous and 
varying in thickness from 3 inch to 12 inches. 


b, Dark brown or black sandy rottenstone, flaggy in places 3 ‘ 170 
b, Thin sandy shales or shaley flags . ; : : ; ’ : 1G 
6, Shaley flags, thicker, with a few fossils . , ; 2 6 


‘ Acrotreta (?) sp., cf. Sabrine, var. malvernensis, Matley.’ 
}, Coarse gritty calcareous rock with pebbles of quartz and other 
rocks, crowded with Acrotreta . : 4 ; f : Z 0 6 
‘ Acrotreta socialis, von Seebach.’ 
‘ Acrotreta (?) sp., ef. Sabrina, var. malvernensis, Matley.’ 
‘ Acrothele (?) sp., cf. granulata, Linnrs.’ 
‘ Kutorgina cingulata, var. pusilla, Linnrs.’ 
‘ Obolella (?) sp., ef. Salteri, Holl.’ 
‘ Obolella (?) sp. 
‘ Orthis Lindstrémi, Linnrs,’ 
Agraulos (?) (freecheek only). 
Paradovides sp., cf. P. Davidis, Salter. 


A coral. 
b, Coarse gritty flags with round or elongate black nodules, (2) phos- 
phatic j : : : : : : ; : ; 10 
+, A well marked ochreous sandy bed containing residual nodules of 
gritty limestone : 5 : ; : - 0 6 


‘ Acrotreta socialis, von Seebach.’ 

‘ Obolella (?) or Acrotreta (?) sp. (with low concentric ridges).’ 
‘ Lingulella feruginea, Salter.’ 

‘ Orthis Lindstrémi, Linnrs,’ 

Agnostus fallax, Linnrs. 

Agraulos sp., cf. holocephaius, Matthew. 

Agraulos sp. 

Mierodiscus, fragment only. 

Paradowides Davidis, Salter. 

Solenoplewra (?) sp., cf. brachymetopa, Angelin (small). 


b, Gritty flags (base not seen) . " ‘ ‘ ‘ : - 5 5 6 
‘ Orthis sp., approaching O. Hicksi, Salter. This species 
differs from the St. David’s form in the fewer interpola- 
tions of ribs between the principal radii and in the small 
size of the umbonal cavity.’ 
Total thickness seen 24 0 


W.N.W. End of the Section. 
No rock was found for about 80 yards along the road between the 
upper and lower sections. 


Ezcavation No. 21. Shoot Rough Road, Lower Section. 


A narrow horizontal plan of the strata was exposed by clearing out 
the road gutter and stripping the soil from the foot of the adj oining bank, 


‘ These must not be confounded with the shales of Shoot Rough Wood, from 
which an undetermined Dictyonema was_collected some years ago by Mr. Gibson. 
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a deeper excavation being made here and there. Only the surface aspect 
of the rocks could be seen, and it is quite possible that the dips and strikes 
observed, and the thicknesses of the beds deduced therefrom, may be 
somewhat inaccurate. The easterly dip of the shales at the western end 
of the section is taken to be a reversed westerly dip, due either to surface 
creep down the natural slope of the ground, or to actual inversion of the 
strata. 

The beds are described from west to east as probably representing 
the descending order of succession. 

In order to identify in the future the exact positions of the beds of this 
section, which is certain to be overgrown in a year or liwo, measurements 
were taken along the gutter from the stile in the fence where the footpath 
(Comley to Lawley Hill) crosses the road ; these distances are given in the 
left-hand column of the following description :— 


W.N.W. End of the Section. Estimated 
Distance from thicknesses 
stile in of beds 
feet. in feet. 
156 At this point there is a grating for rain water in the gutter. 


156 to 200 Signs of shale in the soil but no solid rock. 


200 to 250 a. Shale, cf. Shoot Rough: Road Shales of the upper Section.— 
Pale bluish-grey shale, weathering brown, containing 
much mica and several hard bands (3 to ? inch thick) of 
siliceo-micaceous material, one of which (at 224 feet) 
yielded brachiopods. The strike is at first N.N.W. and 
§.S.E., with an easterly dip of about 75°, but, in the last 
6 or 8 feet of the shale, the strike works round to nearly 
N. and §. witha vertical dip. é about 30 

‘The dominant form is a minute ribbed Orthis with lobe on 
pedicel valve and a sinus on brachial valve. It ap- 
proaches the Upper Lingula Flag form Orthis lenticularis, 
Wahl, but is smaller and probably a distinct variety. The 
fossils are preserved as casts in the shaley sandstone, 
which does not lend itself to the preservation of the 
delicate characters of the minute fossils, There are other 
species present, including probably Kutorgina sp. and a 
small Acrothele, 


250 to 272 4b. Gritty flags. Cf. Shoot Rough Road Flags of the upper 
section.-—Thin grits or gritty flags with dark rottenstone 
bands. The strike is at first N. and S. with a high dip, 
conformable with the shales, but it works round gradually 
to about N.E. and 8.W. with a north- Mi ed of 
about 45° . ; : : 12 


272 to 273 ¢. Yellowish clayey material, possibly indicating a fault, but, 
equally possibly, some decomposed caleareous band ey 


273 to 294 d. Soft green micaceous sandstone (in many respects resembling 
the Lower Comley Sandstone), rather flaggy and with 
some rottenstone bands. The strike is parallel with that 
of the gritty Hage, b, and the ge north- asd at 30° to 
Z0P%", 10 


‘Total estimated thickness . Rss: 


294 to 354 The roadside was stripped of soil fora further distance of about 
20 yards, but no more rock was laid bare. 
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H.S.E. End of Section. 


From a measurement given me by Professor Lapworth, it appears that his 
specimens of Orthis Christianie, Kjerulf (?), were found at about 310 feet 
on the above section. 


Excavation No. 22.—50 yards North-West of the Comley Quarry. 


There is a prominent boss in the field lying north-west of the quarry, 
which proved on excavation to contain a quartzite agreeing very closely 
with beds b, and b. of Excavation No. 4, 1907, in the northern spur of 
Little Caradoc (see previous report). The rock is much fractured, but 
exhibits a north-easterly dip of 60° to 70°. 

Further trials were made in the field between this excavation and the 
quarry, but failed to reach solid rock. 


REMARKS. 


From a consideration of the fossils found in the Shoot Rough Road 
excavations it seems probable that a local shaley representative of the 
Lingula Flags has been touched, and that the upper limit of the Para- 
doxides division has been reached. Shale with Dictyonema,’ which 
may be of Tremadoc age, is known to occur within a horizontal distance 
of 200 yards north of the sections, and may be nearer, and in 1901 the 
Upper Lingula Flags species, Orthis lenticularis, Wahl, was collected by 
the Rev. W. M. D. La Touche and myself from a calcareous nodule in 
shale within 70 yards in the same direction.” 

It therefore seems very desirable to extend the excavations across the 
intervening ground, so as to establish, if possible, the local sequence of 
the middle ‘and upper divisions of the Cambrian rocks. 

The lower limit of the middle division and the upper surface (probably 
eroded) of the lower division have already been fixed within a few inches 
(see previous report *). It is anticipated that further excavations at other 
spots in the Comley area may throw additional light upon the details of 
the zones of the middle and lower divisions and upon the nature of the 
base of the latter, which was only approximately indicated in Excavation 
No. 4 of 1907. 

I have to acknowledge the very kind response made by Dr. C. A. 
Matley to my request for help with the brachiopods, who tells me that 
his determinations must be regarded as provisional. In the lists of 
fossils I have placed his identifications and remarks within quotation 
marks. 

I am also again indebted to Mr. Philip Lake for assistance in the 
determinations of the trilobités. 


' See footnote, p. 184. 

2 Caradoc Record of Bare Facts for 1901, Caradoc and Severn Valley Field Club, 
Shrewsbury, 1902. 

3 Brit. Assoc. Reports, 1908 (Dublin), pp. 342, 343, 1909. 
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Faunal Succession in the Lower Carboniferous Limestone 
(Avonian) of the British Isles—Report of the Committee, 
consisting of Professor J. W. GREGORY (Chairman), Dr. A. 
VAUGHAN (Secretary), Dr. WHEELTON HIND, and Professor 
W. W. WATTS, appointed to enable Dr. A. VAUGHAN to con- 
tinue his Researches thereon. (Drawn up by the Secretary.) 


Report by Dr. A. Vaughan on his work during the year 1908-09 :— 


South-Western Province—Gower. 


The paper by Mr. E. E. L. Dixon, B.Sc., F.G.S., and myself on the 
‘Carboniferous Limestone of the Gower Peninsula’ is finished, and 
awaits publication. 


South-Western Province—Burrington Comb (Mendip). 


A detailed account of this important section—already sketched out, in 
its broad faunal features, by Dr. T. F. Sibly, F.G.S.—is in preparation 
by Prof. 8. H. Reynolds, M.A., F.G.S., and myself. The paper will 
include a full account of the various rock-species, zoned views of the 
section, and a minute exposition of the coral sequence in the Tournaisian. 


The Bernician Sequence of Northumberland. By Svanuey Smiru, 
M.Sc., F.G.S. 

I have devoted a small portion of the grant to preparing and photo- 
graphing a few important coral groups which characterise the uppermost 
division (‘ Yoredales ’) of the Limestone in the Northern Areas (the level 
indexed D, in the accompanying tables). Mr. Smith has kindly pro- 
mised to insert these figures in his forthcoming paper in order to 


demonstrate the progression of the coral fauna upon that of D. in the 
§.-W. Province. 


County Dublin—Malahide. 


The description and illustration of the Tournaisian Beds of this fine 
coast section will be the subject of a paper by Dr. C. A. Matley, F.G.S., 
and myself in the coming year. 

Under the guidance of, and with the assistance of, Prof. G. Delépine, 
of the Catholic Univer sity of Lille, I hope to devote the summer vacation 
of this year to an examination of the Belgian sequence, and to an exact 
correlation of the divisions recognised by Belgian geologists with the 
Avonian zones. For this purpose I hope that this Committee and grant 
will be continued for yet another (and final) year. 


LES: REPORTS ON THE STATE OF SCIENCE. 


Tables drawn up by Dr. Vaughan to exhibit the Present State of 
Knowledge of the Avonian in the British Isles. 


Table I. exhibits the zones and sub-zones of the Avonian, and the 
corals which characterise and diagnose them. 


In Table II. I have attempted to assign to the several phasal develop- 
ments their correct position on the Avonian scale. 


Table III. gives the zonal sequence at several points in the British 
Isles. In almost all cases I have seen the material on which these correla- 
tions are founded, and my thanks are tendered most heartily to those 
workers who have allowed me to present the information contained in this 
table before its actual publication elsewhere. 


TABLE I, 


The Avonian ZonEs and SUBZONES and the Corals that characterise them. 


THE ZONES. 


Dibunophyllum Zone (D). 
Dibunophyllum enters and attains a maximum. 
Lithostrotion junceum enters and is common throughout. 
Seminula Zone (S). 
Lithostrotion enters and is continuously abundant. 
Carcinophyllum enters and is not uncommon, 
[Maximum of Seminula ficoides.] 


VISEAN. 


Syringothyris and Caninia Zone (C), 
Giganteid Canini@ enter and attain a maximum. 
Michelinia grandis enters and attains a maximum. 
[The maximum of very large Syringothyris. | 


Zaphrentis Zone (Z). 


Simple Zaphrentes (of non-Caninoid and of non-Densiphylloid types) enter and 
attain a maximum. 


Michelinia favosa attains a maximum at extinction, 


TOURNAISIAN 


Cleistopora Zone (K). 
OCleistopora occurs throughout, but is common at only a few levels. 
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THE SUBZONES 
Of the Dibunophyllum Zone (D). 
D,:— 


8 | D, ( Cyathawonia’ Beds) :— 
Lonsdalia duplicata enters and attains a Cyathaxonia rushiana. 
maximum. | ‘ Cyathazxonia’ contorta. 
Cyclophyllwm attains a maximum. | Zaphrentis oystermouth- 
Koninckophylla of the typical group attain | ensis. 
& maximum, and include compound forms. | Michelinia favositoides. 


Diphyphyllum gracile enters. 

Lonsdalia floriformis enters and attains a maximum, 

Cyathophyllum regium (a compound Clisiophylloid species) enters and attains 
a maximum. 

Diphyphyllum lateseptatum enters. 


i 

Dibunophylla and Koninckophylla of simple structure enter and attain 
maxima, 

Carcinophyllum @ attains a maximum at extinction. 

Cyathophyllum murchisoni (a Clisiophylloid species) attains a maximum. 
[Productus giganteus enters—1st maximum. | 


VISEAN. 


Of the Seminula Zone (S$). 
8, [a mutation of Productus ‘ Cora’ indexes the subzone]:— 
Carcinophyllum @ enters and becomes common. 
[The entrance of Cyrtina carbonaria marks the base in the 8.W. Province], 
§,:— ‘ 
Carcinophyllum mendipense enters. 4 
Caninia bristolensis (a Cyathophylloid species) attains a maximum. 
Clistophyllum ingletonense attains a maximum. 


Of the Syringothyris Zone (C). 
¢, -— 


‘Cyathophyllum (a Caninoid species) enters and attains a maximum. 


C, :— 
a . . 
Caninia u.sp. is characteristic of the base (7). 
Caninia cornucopie attains a maximum. 
Cyathophyllum patula (a Zaphrentoid species) enters and attains a maximum. 


Of the Zaphrentis Zone (Z). 

Z, :— 
Zaphrentis koninckt enters and attains a maximum. 
Zaphrentis omaliusi abundant, 
Eaninia cornucopie enters. 
a 
Zaphrentis delanoui attains a maximum. 

[Maximum of Spirifer clathratus and 8S. tornacensis.] 


TOURNAISIAN 


Of the Cleistopora Zone (K). 
K, (maximum of Spiriferina cf. octoplicata) :— 
Cleistopora attains a maximum. 


[Productus bassus enters and attains a maximum.] 


N.B.—The information enclosed in square brackets regards the Brachiopod sequence ; 
only those facts which are diagnostic of zones or subzones are introduced. 


Note on Dy and D; :— 


D constitutes the continuation and apotheosis of the earlier D, fauna; it is t 
expressed in the fauna of the ‘Main Limestone’ of the ‘ Yoredales.’ 


D; connotes a phasal fauna later than the beginning of D,, and contemporaneous, in part, 


with Dy. An extension of this fauna is, locally, intercalated in the ‘becheri Beds’ of 
Lower Pendleside (P). : sf it 


ypically 


REPORTS ON THE STATE OF SCIENCE. 


190 


*SU19] ULIS[eg UMONY-[[9M 9yy JO aoR[d ar 
paydope pue pauyapas A][nJorvo oq ysnut UBIT[PAPIY PUB UBIUOPAA|H SI1.19} 91} ‘a[qvJUBIIVMUN SB papdVsal SI SIND SIG} JJ “IOUTAOIg 4SaA\-Y9NOY ay Joy UOXIC “APY Aq pezesys 
“WOWap APUIOFMOOUN JO MOIYBIFIUL JO [2A] aY9 GTA PAOoV 07 OPBUT Uaaq SEY Way} WaeA\4aq aI] SUIPTAIP oI) PUv aay] pauIeqzor UWeaq DAVY UvaslA PUB UBISIBUANOT, SULIO} OYJ, 
*aAoqe UAAIS Aq GAIA UOTZE[AIIO0 943 07 paygiuui0d ABA OU UI ‘TaAaAoY ‘sI ay £ 4todar aumes a9 UI JjasmMIg pul “Iq Aq opeur st 
Spo_ VuworvywAD , a4 TM g JO WORIaI100 aq pus “(TE ‘d ‘9061 ‘Y40K ,‘qaodaxy “oossy “4IIq,) PUT, WOg[aey M “IC Aq paglo asoya axe apisa_piag JaMoy aq} Jo Sautoz OUT, 
“‘SadMatoyad ayqeqins ATjenba Jo Jaquinu years B MOAT pazoajas ATAIOUI a1¥ aSay} ! SJoYOVA UI pasopoua are satqtpeoo] Teo1dAT—q'N 


ANOLSANVS CH ato [aouvay *N JO WeTUNEMEY a9 Jo 
9} WO, SdLIAS TRUOTIISUUA, B SIS] TS4Mg oy} Ul aAyRyUesatdar oULIeUT ON] 


(tooag oA) ,spag vjorpoyy , wy 


(aooag MOAY ‘ATIOg 5,Y00D) "y 8 
(morqoag woAy “ATO 8,009) “yf S 
— - 4 
(moyoag uoay ,‘qo0y your ,) 'z-d Bi 
x —— - 
(molqoag UOAY “yooy youlg ,) *7 E 
(dipuaxy *g ‘diy1072 A) 
(doUTAOIg “A'S OT} JO , a}1ULO[Op (dipuayy *N ‘qutop uojsurting) '9-- 
“BSOURUD] , AT{}) SAYULOJO, OFUI ‘asVyg pPIyuerydez v YSno1y9 ‘OA ‘suOI4IPUOD PALPULYS MOT 97LT[10S0 [Aa] SIT] 4B syIsodaq <Speg veugunyp , 
(uvaq Jo 4sar0y ‘[oyst1q) , Spag prUunappayojUy (aqo1qmiag “To1say youqs) \ Ig¥9 
(STBA\ “Sg ‘ATIAA\ PLY eau) ‘op ‘pjoipoyy Surareyuoo spog (dipuayy “qf ‘au0ay, «vayt) 
(MoysdaqpO) spog quer (svary Aquag, pur [oystigq) , spay woydovanjag , , Speg weuunyp , 
AMOTLEYS 93ND 07 a[qBIaBvA SUOT}IpUod (MOTJOag UOAY) *g 
[eA] S1q9 9B aT, ATQBq 
-oid (‘souey ‘amojseulIyT aujoD pue ‘uyqnq ‘og ‘ysmiyt 3 
reau ‘amojseuilry euvy) viALQuy syuacydnz Suravequod spag (vary oIsMIg) 'G 
in < 
(ayorquiag (aeog yeary Jo doy) } °q re 
‘Aug Joqsnesyiug) “q Ul peqyepeoroqur vunvy-viu0orvyply (mo1q0ag TOAY) ioe 
(qaaoxy ‘qQnoUTA1a4SA0 ) > 
Carqna ‘op “ysny) —! ,Spag vruorvyjnhg , *q pa A 
SNSSALMULOD $2}UNI2}0q JO BUOZ, (Aqieg ‘aurnoqpeig ) 
oMOH DUG PATH (S018 A\ *N) 
jo 2.124929 DAUOUOpIsog JO TANI (aang (Spuv[DI “H) ¢ Aa 
ca a “[XVUT PUB AU.101}0L SV.LA20USLULO NT JO BUOT ‘op ‘AuurysqsnoyT) gq Ul pajeleorsqur vunvy-v2w0rvy)ohD (, sazepar0 X ,) 
d ayniads sp..avo.ydhiy Jo au0z 
S}Isodep .1098A\ MOT[BYS 1aq}0 pue ss 
saxDyf-DiuoUopIsd PUDv -DJOLpO FT saspyq-pluoxeyyedy puy pryusaydez vunvy pivpunig 
a a a I 
» yadap Gursvasour > 


‘upmoap fo szuagnamnby yosnyg 
Tl @IGVL 


= 
AND W. MIDLANDS Co. DUBLIN es es, Co, CLARE 
“* ye ia eo 
2 * spirale 3 | 
Lo] sp a wn | 
ONE GRIT Peal Shales’ @ & 
ZE Cyathaxonia fauna _‘becheri 3 2 
es | intercalated in Limestones’ E x 
Beds’ P a ia | 
' 1 | eos "a D, and Dy 
ronia & |‘ Cyathaxonia Beds,’ Rusu oe | 
! Sg 3: gs 
Ba feel =) 
ane zs fe ONE 5 | D. 
Me sseseer et Si one | 
c S& oats ie | 
Dz = 4 and a } 
Ds Lane L. and Conglomerate , D, 
9 = 77 page (Rush) — ace 
Ss. 
Base not seen : 
megastoma-Beds of C,-S, 
Rush Conglomerate 
|—___— = 
| a 
ai tee ? *Waulsortian’ fauna C a 
= of St. Doulagh’s Quarry Ss = 
~ & 
eNO) oe a is = 
Z, MALAHIDE Section Z, 
lind) | 
| K j Seen near Swords K 
}=—— - —— - —— - —_|_- - —_ - —_ Conformity —— - —— - —- probable conformity 
O.R.S. 


IBLY : ‘Q. J.,’ vol. lxiv. 
8)—Midland Area, 

LYON HIND: References 
Collection. 


Remarks, 
‘becheri Beds’ lie, at 
n the main, above D,. 
*Brachiopod Beds’ 
ll Phase’) appear, in 
to represent D,,and Dy 
typically developed in 
calities exhibiting this 
ar phase. 


C. A. MaTLEy and A, VAUGHAN: ‘Q. J.,’ 
vol. Lxii. (1906)—Rush. 

*Q. J.,’ vol. lxiv. (1908)—Loughshinny. 

Forthcoming paper—Malahide, 


Remarks. 

The Zaphrentis ambigua beds of Lane 
are certainly below D,, but may extend 
zonally a little lower than D,. (The 
massif of Colne, Lanes,j is probably of 
the same age.) 

The megastoma-Beds of Rush may be 
of the same or earlier age than the Lane 
conglomerate. 

The suggested horizon of the famous 
St. Doulagh’s Quarries is deduced from 
the practical identity of their fauna with 
that of ‘the Waulsortian’ of Co, Olare 
described by J. A. Douglas. 


| + A. WILMORE : forthcoming paper— 
Colne Area, Lanes, 


J. A. DOUGLAS ; 
"Qi. Wak) bev, 
(1909)—Co, Clare. 


e ample material which they have kindly allowed me to examine. 


[To face p. 1£0 
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ADDENDUM. 
Exametes oF Use or ZoNAL SCALE. 
Evolutionary Phenomena illustrated by the Coral Sequence. 


PHYLOGENETIC OLD AGE is indicated by a vesicular and indistinctly septate 
peripheral zone—as in Caninia gigantea and in Lonsdalia. 

Compounp forms succeed simple ones and, probably, to all compound species 
there is a simple ancestor: Cyathophyllum regium is the culmination of the 
Cyathophylla; simple Lonsdalia precedes (in D,), and accompanies (in D,), the 
entrance of ‘ Lonsdalia floriformis’; Lonsdalia duplicata is a compound and 
specialised Dibunophyllum. 

PARALLEL DEVELOPMENT is illustrated in the closely allied genera Lithostrotion 
and Diphyphyllum; the very narrow Diphyphyllum, D. gracile of D,, succeeds the 
broad D. lateseptatum of D,, just as the very narrow Lithostrotion, L. junceum of 
D, succeeds the broad Z. martini of 8. 

CoBVAL ASSIMILATION is exhibited by the Cyathophylla which are Zaphrentoid 
(C. patula), Caninoid (Cyath. @), or Clisiophylloid (Cyath. murchisont), according 
to the dominant ‘ tone’ of the age. 

DIRECT AND CONTINUOUS VARIATION is exhibited in the Koninckophylla from 
D, to D,, in the Cyathophylla from y to D, and in the Debunophylla. 

PERSISTENCE OF SPECIES is illustrated by the great Clisiophyllid trunk-line. 
Already highly developed in C. omaluzst of the Uppermost Devonian, this gens of 
Clisiophyllum reappears in y, becomes common in C, and attains a maximum (in a 
well-marked variant, C. ingletonense) at S,; it still persists into Dy, where the 
difference from the Devonian ancestor is remarkably small. Caninia cornucopie is 
another example; the gens starts at the top of Z, reaches a maximum in early 
C, and reappears, in D, and D,, in a mutation which differs but slightly from the 
early form. 

ACCELERATION OF VARIATION on approaching extinction is beautifully illus- 
trated by the large number of closely linked sub-genera into which the main 
Clisiophyllid section divides in D,, e.y., Aspidophyllum, Rhodophyllum, Histio- 
phyllum, Cymatiophyllum, §c. 


Occupation of a Table at the Zoological Station at Naples.-—Re- 
port of the Committee, consisting of Professor 8S. J. Hickson 
(Chairman), Rev. T. R. R. STespsine (Secretary), Sir E. Ray 
LANKESTER, Professor A. SEpDGwIcK, Professor W. C. 
McIntosu, Dr. S. F. Harmer, and Mr. G. P. Brpper. 


_ Tue table at the Zoological Station at Naples has been fully occupied 
_ during the past session. Thanks to the kindness of Dr. Dohrn two or 
_ more nominees of the British Association Committee have, on occasions, 
~ been allowed to work in the station at the same time. 
_ The following naturalists have occupied the table since the date of 
our last report :— 


Mr. W. J. Dakin, B.Sc., University of Liverpool. 
Mr. H. O. S. Gibson, B.A., University of Oxford. 
Colonel Shepherd, Indian Army. 

Mr. F. F. Dreyer, B.A., University of Cape Colony. 
Mr. Charles Martin, B.A., University of Oxford. 
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Mr. H. O. 8. Gibson occupied a table from the beginning of 
November, 1908, until April 23, 1909. His investigations consisted in 
an attempt to habituate Mysis to live in increasingly fresh water with a 
view to tracing possible changes in structure due to the change in 
environment. He also spent some time in investigating the digestion 
and secretion of Squilla mantis, and will pursue the subject further on 
the material prepared at the station and brought home with him. 

Mr. W. J. Dakin sends in the report which is appended. 

Colonel Shepherd occupied the table from the end of October 
until March 10, and collected a large number of the otoliths of fishes 
with the view to the publication of a memoir on these structures. He 
also collected a number of specimens of the pharyngeal teeth of fishes, 
upon which he proposes to publish a series of papers at a later date. He 
writes to the Committee to say that it would have been impossible for 
him to have made so much progress with the investigation he has in 
hand but for the opportunities and assistance he received at the Zoological 
Station at Naples. 

Mr. F. F. Dreyer arrived at the station at the beginning of April and 
was still there at the time of the receipt of his report. He carried on 
some investigations on the nervous system of the Afolidide. He has 
obtained the best results by using Apathy’s method of preserving and 
mounting, and has already obtained some interesting results. His work 
is not yet sufficiently advanced to enable him to send us a detailed report, 
but he hopes to be able to publish a paper on the nervous and blood- 
vascular systems of the Aolidide at the end of the year. 

Mr. C. Martin visited the station during the Easter vacation in 
order to continue his investigations on the structure of the Acinetaria. 

With reference to the report of last year, the Committee would refer 
to the important paper published by Mr. C. Clifford Dobell in the 
‘Quarterly Journal of Microscopical Science,’ Vol. 53, 1909, on the 
Infusoria Parasitic on Cephalopoda. This paper represents a part only 
of the work done by Mr. Dobell during the time he occupied the Associa- 
tion’s table at Naples last year. 

Mr. Whitehouse has prepared a large and important memoir on the 
structure of the caudal fin of fishes, which has been submitted as a 
thesis for the degree of M.Sc. of the University of Birmingham. It 
will be published shortly. 

In conclusion, the Committee wish to call attention to the increasing 
volume and importance of the original work that is done by the occupants 
of the Association’s table at Naples, and ask to be reappointed with a 
grant of 1001. 


Report of Mr. W. J. Dakin, B.Sc. 


The following is a brief résumé of the research I was engaged in 
whilst occupying the British Association table at the Zoological Station 
of Naples during the past winter. I arrived in Naples on November 1 
and left at the end of February, so that I occupied the table for four 
months. The latter part of the time was devoted mainly to the collec- 
tion and preservation of material for continuation of the histological 
work at home, the earlier part of my stay to an elaboration of methods. 

I have, unfortunately, not been able to work at my slides or other 
material since I arrived back in England owing to pressure of work in 
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conjunction with Plankton and Hydrographic Research, and for that 
reason the report is rather incomplete as regards final results. I hope 
to have complete papers published by the end of this year, in which 
due acknowledgment to the British Association will be made, and copies 
will be handed to the Committee. I feel it my duty to thank the British 
Association for the opportunity of working at Naples, and must also 
mention the kind way in which the various members of the staff of the 
Zoological Station gave every possible help. The researches dealt in 
general with the histology and physiology of the nervous system and 
sense organs of lamellibranchs, continuing my previous work on Pecten. 
Though forty-four years have elapsed since the first detailed work on 
the eye of Pecten, it still remains incompletely known, owing to the 
extreme technical difficulties. I intended, therefore, to make a fresh 
and complete comparative study of the structure of the Pecten eye, using 
the new methods which have elucidated so many points in the structure 
of invertebrate sense organs in the last few years. 

Another branch was the study of the visceral ganglion and the inner- 
vation of the osphradium. The former is particularly interesting in 
Pecten, and unique as regards complexity in the Lamellibranchiata. I 
hoped to trace the distribution of the nerves in the ganglion in order 
to make out whether definite regions were concerned with the innerva- 
tion of separate organs, and finally to consider in detail the histology. 
With regard to the eye, it would be impossible here to discuss at all 
fully the histological structure without figures, but the following points 
may be noted. Hesse was able to see a layer of fibres lying between the 
cornea and lens, and bases a theory of accommodation on their presence 
(they stain, according to him, as muscle fibres), together with a peculiar 
structure in the lens cells. I find no trace of accommodation in the 
Pecten eye, and histological evidence points to these fibres being of 
connective tissue. I have been able to find between the cornea and lens 
numerous connective tissue cells which are produced into the extremely 
long fibres seen by Hesse. 

Certain points remain to be added to the known structure and shape 
of the lens cells. The axial fibril of the rod is with certainty a con- 
tinuation of a fibril in the rod cell. It is thicker in the former, and 
often remains in macerated specimens when the rest of the rod has been 
disintegrated. 

There is a growing region for rod cells and rods round the periphery 
of the retina, and the axial fibril is always far more distinct in the young 
cells than in those from the middle of the retina. There are large and 
small eyes often in close proximity on the same valve; the difference 
between these is simply the number of the elements-——-small eyes have 
fewer rod cells and rods. In most ways the axial fibril does not display 
the characters of a neurofibril, and may possess simply a supporting 
function. Numerous delicate supporting fibrille run longitudinally 
down the rod cells arranged at the periphery. The eyes are innervated 
directly from the visceral ganglion. 

The visceral ganglion consists of two central prominent lobes, with 
one or two smaller ones at their sides, a lobe partially covering the two 
first mentioned, and two large lateral crescentic lobes. I have made 
out the roots of the various nerves in detail. The branchial nerve arises 
by two roots. A separate nerve arising from the upper side (the sur- 
face against the adductor being considered the lower) innervates the 

1909. Oo 
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osphradium. Some of its branches pass directly to the osphradium, 
another one joins the branchial nerve, from which nerves pass to the 
osphradial epithelium. 

The two large lateral lobes are extremely interesting. They are not 
found in other lamellibranchs. The nerves arising from them innervate 
the mantle folds. In P. jacobeus the eyes are more numerous and 
larger on the left valve, those on the right valve being small. The same 
difference exists between the two lateral lobes of the visceral ganglion in 
size. In P. maximus and P. opercularis the same difference in size of 
the two lobes corresponding to the number of eyes on the mantle folds 
exists, and in the three species examined the relative difference between 
the two sides is parallel with that of the number and size of the eyes on 
the mantle folds. From this alone it might be safely assumed that the 
lateral lobes of the visceral ganglion are due to the development of eyes 
on the mantle and are concerned with the innervation of these. This 
view was strengthened by the discovery that in several cases the nerve 
fibres passed direct from the visceral ganglion to the eyes. The eyes 
were formerly supposed innervated solely by the circumpallial nerve. 

The osphradium in Pecten, Arca, and Mactra, the species so far 
examined, is innervated by the visceral ganglion. It was in the latter 
species that Pelseneer obtained evidence of its innervation from the 
cerebral ganglia, and believed this to prevail throughout the Lamelli- 
branchiata. I believe the innervation is always from the visceral 
ganglion, though some fibres may pass from the cerebral ganglion, 
through the visceral, and into tue osphradial nerve. These, however, 
would be few in number, and in Pecten can only be seen passing into the 
branchial nerve. It is impossible to say at present whether the fibres 
passing from the branchial nerve to the osphradium contain any of 
these. 

Whilst examining the mantle edges of Pecten jacobeus I was able 
to discover the presence of a transversely striated muscle similar to that 
present in the adductor muscle of Pecten. A short paper on these has 
been published this year in the “ Anatomische Anzeiger.’ They occur 
between the eyes, and cause the rapid movements of the velum which 
take place and enable the animal to swim. 

It is often difficult to start a Pecten swimming, for ordinary stimuli 
simply cause a closure of the valves. A starfish brought before the 
valves, however, immediately causes the animal to swim. The same 
effect can be produced by the injection of starfish pulp just between the 
mantle lobes. Similar injection of sea-water or water with small par- 
ticles does not produce this effect. It is evidently not due to visual or 
tactile stimuli, and I am endeavouring at present to determine the action 
of the osphradium and abdominal sense organs in the perception of this 
stimulus. 
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Index Generum et Specierum Animalium.—Report of the Com- 
mittee, consisting of Dr. HENRy Woopwarp (Chairman), Dr. 
F. A. BATHER (Secretary), Dr. P. L. ScuaTer, Rev. T. BR. R. 
STEBBING, Dr. W. E. Hoyne, Hon. WALTER ROTHSCHILD, and 
Lord WALSINGHAM. é 


Sreapy progress has been made with the literature for the second 
portion of this Index (1801-1850). Among numerous works dealt with, 
the compiler, Mr. C. Davies Sherborn, specially mentions the fol- 
lowing :— 

Publications of the British Museum. 

British Association Reports. 

H. G. Bronn’s works. 

Publications of the Academy of Brussels. 

Many editions of Buffon. 

“Isis ’’ (von Oken). 

Gesellschaft deutscher Naturforscher und Aerzte. 


As a matter of interest, it may be mentioned that 42,500 index- 
slips, in duplicate, have been made and arranged within the last two 
years. The Committee regards this as a surprising and satisfactory 
rate of progress, when it is remembered that it is entirely the work of 
a single individual. 

All the index-slips, as arranged up to date, are accessible for refer- 
ence in the library of the Geological Department at the Natural His- 
tory Museum, Cromwell Road, London, where they are frequently con- 
sulted by zoologists, both in person and by letter. Thus, as the value 
of the Index increases with its daily growth, the time of the compiler 
becomes more encroached on by inquirers. On the other hand, the 
diminution of the grant during the past few years has been seriously 
felt by the compiler, and the Committee, while recommending its own 
reappointment, asks the Association to consider carefully the value of 
- such a work of reference, and to give it the much needed help with a 
renewal of the grant of 1001. 


Haperiments in Inheritance.—Second Report of the Committee, 
consisting of Professor W. A. HrerpMaAn (Chairman), Mr. 
Dovctas Laurie (Secretary), Mr. R. C. Punnett, and Dr. . 
H. W. Marert Tims, on the Inheritance of Yellow-coat 
Colour in Mice. (Drawn up by the Secretary.) 


THE experiments discussed in my last year’s report are in progress. A 
detailed report would at present be premature. The Committee ask to 
be reappointed, with a grant of 301. 
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Feeding Habits of British Birds.—First Report of the Comnuttee, 
consisting of Dr. A. K. Saiptey (Chairman), Dr. C. GoRDON 
Hewirr (Secretary), and Messrs. J. N. HALBeRT, ROBERT 
NEWSTEAD, CLEMENT Rerp, A. G. L. Roaers, and F. V. 
THEOBALD, appointed to investigate the Feeding Habits of 
British birds by a study of the contents of the crops and 
gizzards of both adults and nestlings, and by collation of 
observational evidence, with the object of obtaining precise 
knowledge of the economic status of many of our commoner 
birds affecting rural science. 


Tur Committee decided to investigate first the feeding habits of the 
rook, starling, and chaffinch. It has organised the following body of 
correspondents, who have very kindly promised to assist the inquiry 
by sending specimens of these birds to the Secretary each month, and 
the Committee desires to express its great obligation to the correspon- 
dents for the assistance they are rendering :— 


Mr. T. A. Acton, Wrexham Mr. P. Horn, London; E. 

Mr. A. Arnold, Hants Mr. C. Ibotson, Bucks 

Miss E. V. Baxter, Fife, N.B. | Mr. T. W. W. Jones, Moreton-in-Marsh 
Mr. R. M. Barrington, Co. Wicklow Col. R. O. Lloyd, Pembroke 

Mr. M. D. Barkley, Huntingdon | Mr. E. N. Millington, Shropshire 
Mr. P. A. Buxton, Essex | Mr. W. A. Nicholson, Portobello, N.B. 
Mr. C. L. Burrows, Cumberland Prof. C. J. Patten, Sheffield 

Mr. A. H. Cocks, Henley-on-Thames Mr. R. Patterson, Co. Down 

Mr. L. C. Cox, Somerset | Mr. J. M. Pope, N. Devon 

Mr. E. Lloyd Edwardes, Llangollen Mr. D. B. Robinson, Cumberland 

Col. Wynne Edwards, Denbigh Mr. F. Shillitoe, Hitchin 

Mr. C. Gamble, Edinburgh | Mr. F. Smalley, Carnforth 

Miss Garner, Warwick Mr. B. Thornber, Cheshire 

Mr. A. G. Gavin, Fraserburgh, N.B. Mr. C. W. L. Tottenham, N. Wales 
Mr. R. Gurney, Norwich | Mr. F. Wilde, Cheshire 


Rev. J. St. Herbert, Llandrindod Wells | Mr. J. S. Wroth, 8. Devon 


As the correspondents live in different parts of England and Wales, 
Scotland, and Ireland, and in different types of localities, birds feeding 
under a wide range of conditions are obtained. 

The first birds were supplied in December 1908, and during the first 
six months (December 1 to May 31) 590 birds have been received, 
the number being made up as follows: rooks, 124; starlings, 278; 
chaffinches, 188. Each bird or batch of birds is accompanied by a form 
filled in by the correspondent giving the following details :— 


Name of bird. 
Date on which specimen was killed. 
Hour of the day when specimen was killed. 
Exact locality where specimen was obtained. 
Character of land upon or near which it was shot. 
General character of neighbouring land. 
Is the land well cultivated ? 
What crops are grown in the locality? 
' Is the district wooded ? 
Are the fields bounded by hedges, dykes, or walls? 
What was the bird doing when shot? (feeding, flying, etc,, I: 
Weather. Type of weather prevailing, 
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Was the specimen a member of a flock? If so, state the approximate size of 
the flock. 

Is the species abundant in the locality? 

Has there been any increase or decrease during the past few years? 

Date and hour of dispatch. General remarks. 


From such data some idea as to the environmental conditions under 
which the bird was feeding and the available food-supply can be 
obtained. 

The contents of the gizzards of these birds are being examined, 
analysed, and tabulated by the Committee, and the intestines are being 
examined for parasites. The data obtained by analysis are arranged on 
the tabulation forms under the following heads :— 

Grain Seeds other than grain 


Fruits Roots 
Miscellaneous vegetable matter 


INSECTS. 


(Injurious and useful insects are separated and indicated, and larve are 
particularly mentioned.) 


Coleoptera Lepidoptera 
Hemiptera Other Insects 
Diptera 

Molluscs Miscellaneous food 
Other Invertebrates | Remarks 


Other animal matter 

In addition to the above data, the weight of the bird and the condition 
and weight of the gizzard contents are recorded. 

When in the opinion of the Committee a sufficient number of speci- 
mens of any one species have been examined, the results of the tabula- 
tions and the particulars supplied by the correspondents will be digested, 
arranged, and published. 

In addition to the grant (51.) made to the Committee by the Associa- 
tion, a grant of 501. has been received from the Board of Agriculture and 
Fisheries to enable it to carry on the work, and Mr. Rogers has been 
appointed by the Board as its representative. 

The Committee asks for reappointment, with a further grant, and 
with the addition of Professor F. E. Weiss, and of Mr. H. 8. Leigh as 
Secretary in the place of Dr. Gordon Hewitt, who is compelled to retire. 


The Zoology of the Sandwich Islands.—Nineteenth Report of the 
Committee, consisting of Dr. F. Du Cang GopMan (Chair- 
man), Mr. D. SHarp (Secretary), Professor 8. J. Hickson, 
Dr. P. L. Scuater, and Mr. Epaar A. SMITH. 


Tuis Committee was appointed in 1890, and has been annually re- 
appointed. The publication of the results of the work of the Committee 
is now nearly completed. One part of the ‘ Fauna Hawaiiensis ’ has 
been published since the last report, and it is expected that the work will 
be finished within the ensuing year. 

' The Committee ask for reappointment. 


198 REPORTS ON THE STATE OF SCIENCH. 


Zoology Organisation.—Interim Report of the Committee, 
consisting of Sir E. Ray LANKESTER (Chairman), Professor 
S. J. Hickson (Secretary), Professors G. C. BouRNE, T. W. 
Brince, J. Cossar Ewart, M. Hartoa, W. A. Herpman, and 
J. Grawam Kerr, Mr. O. H. Larrer, Professor Mincutn, Dr. 
P. C. MitcHEt, Professors C. Luoyp Moraan, E. B. Povunton, 
and A. SEpGwick, Dr. A. E. Sarpiey, and Rev. T. R. R. 
STEBBING. 


Durine the past session the Committee have had several matters of im- 
portance under consideration, but it was not considered necessary 10 
summon a general meeting of zoologists. 

A meeting of the Committee was held in Cambridge on June 22, when 
it was decided to ask for reappointment without a grant. 


Occupation of a Table at the Marine Laboratory, Plymouth.— 
Report of the Committee, consisting of Professor A. DENDY 
(Chairman and Secretary), Sir E. Ray LANKESTER, Professor 
A. SEDGWIcK, and Professor SypNEY H. VINEs. 


Since the date of our last report the British Association’s table at the 
Plymouth Marine Laboratory has been occupied for a fortnight by Miss 
May E. Bainbridge, who was engaged in investigating the Copepod 
parasites of fishes. An application from Mr. J. S. Dunkerly for the 
use of the table during the month of August, for the purpose of in- 
vestigating the life-history of the Flagellate Protozoa, has lately been 
granted. 


Investigations in the Indian Ocean.—Fourth Report of the Com- 
mittee, consisting of Sir JoHN Murray (Chairman), Mr. J. 
STANLEY GARDINER (Secretary), Captain E. W. CReak, 
Professors W. A. Herpman, S. J. Hickson, and J. W. Jupp, 
Mr. J. J. Lister, Dr. H. R. Mitu, and Dr. D. SHARP, 
appointed to carry on an Expedition to investigate the Indian 
Ocean between India and South Africa in view of a possible 
land connection, to examine the deep submerged banks, the 
Nayareth and Saya de Matha, and also the distribution of 
marine animals. 


THE Committee have received the following communication from Mr. 
J. Stanley Gardiner, who has had charge of the work :— 


The further expedition to the Indian Ocean, determined upon in 
1907, has now been brought to a satisfactory conclusion. Accom- 
panied by Mr. H. Scott and Mr. J. C. F. Fryer, I arrived at Seychelles 
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on July 10, 1908, leaving on October 8. I devoted my attention to the 
geography and biology of the islands of Silhouette (2,467 feet) and 
Mahé (2,998 feet). The former is twelve square miles in extent and the 
latter over fifty square miles. Both are formed of coarsely crystalline 
granite rock, cut up by dykes of fine-grained black rock, down which 
the rain has for the most part cut its watercourses. The amount of 
erosion ig enormous, and the general topography of the islands is 
almost entirely to be ascribed to the action of weathering. In all 
there are twenty-seven granite islands of upwards of 150 square miles 
on the centre of a shallow (less than fifty fathoms) bank of over 
20,000 square miles. My impression from a further study of the 
group is that the greater part of the bank must have been at one time 
granite land, and that the present marine and aerial erosive actions 
in progress are sufficient to account for its gradual conversion into a 
series of small islands standing on a relatively enormous bank. 

The fauna and flora of Silhouette and Mahé were carefully studied, 
very large collections being secured. They have a continental facies, 
i.e., the general appearance and variety of form which is usually asso- 
ciated with large land masses. Both are severely restricted as to 
number of genera and species, but not more perhaps than would 
naturally be expected from the cutting down of a large mass of 
land to a few scattered islands, and the consequent change, almost 
to complete uniformity, of climate that would result. Only about four 
square miles of the indigenous jungle now remain. It is of the 
tropical rain-forest type, and a century and a half ago undoubtedly 
covered the islands uniformly from the sea to their highest peaks. 
The conditions of a rain-forest are not altogether favourable for a 
great variety either of plants or of animals. The jungle that remains 
lies on mountain peaks, covered with almost perpetual mist, and 
possesses these conditions in their extremest aspects. Few of the 
plants have been killed out, many persisting by the streams, but 
scarce half of the insect fauna is likely still to survive. Introduced 
insects and spiders are everywhere, and have been peculiarly destruc- 
tive to the indigenous forms, directly by killing them and indirectly 
by consuming their food. 

In a former report I referred to evidence of a change of level of the 
islands of Mahé and Silhouette in respect to the sea. My investigations 
show an elevation of these islands, or a lowering of the sea, of at least 
twenty-five to thirty feet, or four to five fathoms. This could scarcely 
have been sufficient to affect the topography of the Seychelles group as 
a whole, but is an interesting phenomenon when taken in conjunction 
with the general slight elevation found in most of the island groups 
from Madagascar to India. No indication was found of any subsequent 
or previous subsidence, the possibility of which is contradicted by the 
whole topography of the Seychelles. 

Mr. H. Scott devoted himself to the entomology of the Seychelles, 
spending two months in Silhouette, five months in Mahé, and a month 
in other islands. He camped for the most part of the time in the 
mountains, and devoted himself to the insects of the indigenous jungles, 
collecting them and working at their habits and life histories. His 
collections comprise about 50,000 specimens, which are now being 
sorted and mounted for examination by specialists. It is too soon 
yet to say anything about these collections, but it may confidently be 
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anticipated that half of the species will be new. The collections are 
at least large enough to be used for basing deductions as to the relation- 
ships of the Seychelles considered entomologically. 

Mr. Fryer proceeded on our arrival to investigate Bird and Dennis, 
two coral islands on the north of the Seychelles bank. He remained 
a month in them, and then proceeded to visit the islands to the N.W. 
of Madagascar, left uninvestigated by the Percy Sladen Expedition in 
H.M.S. Sealark in 1905. It will be some years before his results can 
obtain final form, but I append his preliminary report on his investiga- 
tions. Meantime I cannot refrain from expressing my high appre- 
ciation of Mr. Fryer’s pluck and resource in carrying on his researches 
in these islands for six months, during which he never saw a white man. 

During the past year the first volume of the results of the investiga- 
tions (Trans. Linn. Soc., Vol. XII.) has been completed by the publica- 
tion of the following reports:—The Madreporarian Corals: I.—The 
Family Fungiide (J. Stanley Gardiner); A List of the Freshwater 
Fishes, Batrachians, and Reptiles (G. A. Boulenger); Antipatharia 
(C. Forster Cooper); Amphipoda Gammaridea (A. O. Walker); The 
Stylasterima (S. J. Hickson and Helen M. England); Polychaeta.— 
Part I.—The Amphinomide (F. A. Potts); Marine Alge (Chorophycee 
and Pheophycez) and Marine Phanerogams (A. Gepp and Mrs. C. S. 
Gepp). 

The following reports have also been read at the Linnean Society 
and are in course of publication:—Marine Nemerteans (R. C. Punnett . 
and C. Forster Cooper); Echinoderms (Professor Jeffrey Bell); 
Rhynchota (W. L. Distant); Cirripedia (Professor Gruvel); Further 
Amphipoda (A. O. Walker); Marine Mollusca (J. Cosmo Melvill); 
Land Mollusca of Seychelles (E. R. Sykes); Lepidoptera (T. Bam- 
bridge Fletcher); Alcyonaria (Professor J. Arthur Thomson); Amphi- 
oxides (H. O. Gibson); Further Chaetopoda (F. A. Potts); Penzidea, 
Stenopidea, and Reptantia (L. A. Borradaile); and Marine Deposits 
(Sir John Murray). J. Srantey GARDINER. 


Mr. Fryer’s Preliminary Report. 


IT arrived in Mahé about the middle of July, and after some delay, 
which enabled me to visit Bird and Dennis Islands, I left Mahé on 
August 22 for Aldabra, visiting en route the islands of Astove, Cosmo- 
ledo, and Assumption. These four islands, which all lie some 200 to 
250 miles north (N.N.W.) of Madagascar, must be considered as very 
closely allied in regard to their structure and formation. It seems 
necessary to include in this group the islands of Farquhar, Providence, 
and St. Pierre, which I had no opportunity of visiting, but which were 
investigated by the previous expedition on H.M.S. Sealark. 


ASTOVE. 


I reached Astove on August 27, and left on September 1, hoping 
to revisit the island in January, in which, however, I was disappointed. 
The island is a perfect atoll, which has been elevated for at least 25 feet. 
It is some two miles long by one mile broad, with a single pass on the 
south-west, opening into a shallow lagoon. The basis of the land rim 
is entirely formed of coral rock, which almost everywhere shows clearly 
on the surface, though blown sand has in places formed small dunes. 


ON INVESTIGATIONS IN THE INDIAN OCEAN. 201 


The structure of the rock varies considerably, but as a whole is remark- 
able for the small amount of metamorphosis which has taken place. 
Even on the surface large fields of coral in natural position were fre- 
quently noticed, while on the face of the cliffs it was always obvious 
that the corals were stil] essentially in the same position as when under 
the sea. Rock consisting of a conglomerate of reef débris was not 
common, but was always more prevalent near the lagoon shores, point- 
ing to the probability that the central portions of the atoll were dead 
before elevation. Metamorphosed rock was found in various parts of 
the western half of the atoll, and always contained a considerable pro- 
portion of phosphatic matter, derived presumably from guano. Of the 
latter substance, considerable deposits exist near the lagoon shore on 
the west, and in large natural pits in the rock scattered over the atoll. © 

The lagoon is very shallow, being only a few inches deep at low 
spring tides; the bottom is covered with a very fine white mud, which, 
on account of the small depth, is churned up by strong winds, making 
the water quite white and piling the shores with foam. The amount of 
material carried to sea by each tide must be very large. This fact, taken 
in conjunction with the obvious erosion of the cliffs which form the 
shores of the lagoon, points to a rapid increase in size of the latter. 
Islands in the lagoon only occur near the pass, and it seems certain that 
much of the atoll depression must have existed at the time of elevation. 
These features of the lagoon can only be explained by supposing that 
the pass is of very recent date, an hypothesis borne out by the character 
of the latter itself. It is narrow, with no marked channel, being almost 
dry at low tide. The bottom is rocky, and there is no live coral either 
in it or in the lagoon. The reef outside is narrow, and but slightly 
channelled by the escape of water from the pass. It is not composed 
of modern reef substance, but apparently of elevated coral rock. Live 
coral is absent, though a certain amount of Lithothamnia exists. A 
cursory examination of the reef in other places pointed to its structure 
being the same, though a greater amount of sand and Lithothamnia- 
covered débris were present, often bound together by beds of Cymodocea. 
Variations in level across the atoll were difficult to estimate, but the 
highest rock level (12 feet above high-tide level) seemed near the sea, 
with a varying gradient to the lagoon. The seashore is sandy on the 
west, with cliffs appearing here and there. The east coast I could not 
visit owing to lack of time. 

The land vegetation consists of dense scrub, composed of large 
bushes and small trees near the lagoon, though to seaward it is formed 
rather by small shrubs and matted herbaceous plants. A small collec- 
tion of plants, as also of animals, was made, but the short duration of 
the visit coupled with the season prevented any thorough collecting being 
attempted. The settlement is situated on the west coast; it is small, 
and the inhabitants are employed in catching turtle and cultivating a 
small coconut plantation, which is being tried, while a certain amount of 
maize and tobacco is grown on the share system. 


COSMOLEDO. 


This group was reached on September 1. It is an atoll also, but 
differs from Astove in having only a small proportion of its rim capped 
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with land and in being considerably larger. It has an extreme length 
of 9 miles and breadth of 7 miles. The circumference of the atoll is 
about 24 miles, and of this only 10 miles at most consist of land. The 
latter is divided up into eight main islands and numerous small islets, 
but of all these only two are inhabited. During my stay, which was 
only one of four days, I visited four of the larger islands, and on my 
return journey I again had two days on the atoll, which enabled me to 
cursorily examine two more islands and take a representative series of 
photographs. 

The results of the two visits may be outlined as follows:—The 
islands in all cases are fundamentally of coral rock, though sand has 
been piled on to them by the wind, and in places has completely hidden the 
rocky base beneath sand dunes and ridges. The rock is typical elevated 
coral rock, and, with the difference that metamorphosis has been more 
extensive, much resembles that of Astove. 

The island shores are either rocky or sandy, but in either case show 
unmistakable signs of rapid erosion. On one island (Wizard) the 
remains of a house, now in the lagoon, enabled me to calculate the extent 
of the erosion as being 15 yards since 1893, an average of a yard a year. 
Evidence of the former extent of the land was obtained from the islets 
and table-shaped rocks on the reef, and I have little doubt that at one 
time the atoll was almost entirely capped with a ring of land. 

The lagoon has the greatest average depth of any atoll visited, though 
the channels in the Aldabra lagoon are deeper. There are no islands 
situated anywhere in it, and no suggestions can be made as to its former 
extent. The bottom is largely sandy, and there are signs of a tendency 
to replace the original rocky islands by sand shoals and cays. There 
are two passes through the reef; these are both situated on the southern 
side of the atoll. The reef was examined at a point on the south-west ; 
the seaward edge was conspicuous for the vigorous growth of Litho- 
thamnia; no live coral was observed in this zone. Inside the edge 
Lithothamnia were still abundant, but were chiefly encrusting forms 
found on broken pieces of dead coral flung on the reef. Passing to the 
lagoon was a sort of buttress zone, with channels and pools containing 
a little live coral. The lagoon at this point was very sandy, and almost 
dry at low tide. 

The land vegetation somewhat resembles that of Astove on the rocky 
places, but is not so dense, and owing to the presence of large quantities 
of sand perhaps would be more like that of Farquhar. -A large man- 
grove swamp exists on the lagoon side of the chief island (Menai). In 
the dry season the islands are much more parched and dried up than 
Astove, but during the wet season crops of maize seemed to flourish 
remarkably well. Guano has been found on several of the islands, and 
a considerable quantity exported, as well as phosphate rock, which was 
found underneath the guano. It was interesting to discover in the latter 
rock the eggs of the giant land tortoise, though unfortunately no remains 
were found to determine the species. A collection of land animals was 
made, and the fauna appears to be identical with that of other islands 
in this region. The settlement is small (twenty people) and the inhabi- 
tants employed as at Astove, 
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ASSUMPTION. 


Assumption was reached on September 6. It, unlike the two pre- 
vious islands, is not an atoll; it is crescent-shaped, about 32 miles long 
and from 1 to 4 mile broad. In composition it is undoubtedly an 
elevated reef, corals in position of growth being easily observed, especi- 
ally on the face of the cliffs and on the sides of pits in the rock, which 
form a marked feature of the island. Much metamorphosis has occurred 
in places in the interior of the island, producing a rock which usually 
includes a considerable proportion of phosphate, derived, as in the other 
islands, from a superficial deposit of guano. The conglomerate men- 
tioned in relation to Astove is common, and confirms the impression 
that it is of the nature of the rock forming on recent reef-flats. Varia- 
tions in level over the island were, owing to the thick bush, difficult to 
estimate, but judging from three tracks cut from east to west across 
the land, there is a slight ridge running north and south near the west 
shore with a maximum height of 20 feet, decreasing on each side to 
the common level (about 12 feet) of the island. In the south-east are 
large dunes (90 feet high) formed entirely of blown sand. The natural 
pits in the rock, before referred to, are most common in the interior of 
the island, but also occur within a few yards of the sea. They seem to 
owe their origin to imperfect consolidation of the reef at the time of 
growth. They vary considerably in size, the largest being 18 yards 
long by 14 yards wide by 3 yards deep, and the deepest 45 feet. Some 
contain salt water, and others are largely filled with guano, though in 
these salt water can be easily reached by digging; in all the water 
seems to fluctuate tidally, though in no case was any connection with 
the sea discovered, except that of free percolation. The sides of the 
pits are always being eroded and weathered, and consequently the 
latter are increasing in size. It was natural to consider whether a 
lagoon could be formed by this means, but the conclusion was in the 
negative, as there seemed no reason why the pits should connect more 
rapidly with each other than with the sea. 

Guano is present in some quantity, especially on a large plain near 
the east coast, while many of the pits contain a large quantity. It 
undoubtedly has had a considerable influence on the rock below. 

The land vegetation is a scrub, dense and thick in places, especially 
in the south-west, and thinning out to an open plain in the east. A 
curious occurrence is that of a growth of mangrove trees in three of the 
pits; as there seems to be no free subterranean connection with the 
sea it is difficult to explain their presence in an island so unsuited to 
them as Assumption. ‘T'wo of the pits contain Brugiera and the other 
Ceriops. A further discovery in these pits was that of the remains 
of giant land tortoises, considerable portions of several specimens being 
obtained. One species appears identical with that of the present 
Aldabra tortoise, but it appears likely that a second species also existed. 
Of the present fauna little need be said except that it resembles that of 
the other two islands. 

The settlement is quite recent and was made to work the guano. 
Green turtles are extremely plentiful, and until killed off will be a source 
of profit to the island. 
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On September 12 I sailed for Aldabra, but again visited the island 
on my return, spending two days in photography and checking previous 
observations. 


ALDABRA. 


I arrived in Aldabra on September 18, and, owing to the excessive 
drought, had perforce to confine myself mainly to geological investiga- 
tion until the end of the period of south-east trade winds. The wet 
season commenced in November, after which month most of the plants 
were found in flower, while land animals, previously invisible, became 
fairly numerous. I had four camps—t.e., on Michel Island, at Taka- 
maka on Main Island, on Esprit Island, and on Picard Island—from 
which I examined every portion of the atoll. Owing to the dense and 
impenetrable scrub, exploration was always attended by considerable 
difficulty, as paths could only be cut at the cost of great labour; in 
addition I cleared several broad sections from the sea to the lagoon, in 
order to get a clear idea of the sequence of the rocks and vegetation and 
of the relative elevations. 

The nature of the ground and of its vegetation is such that the land 
may be divided into four somewhat irregular zones, from the lagoon 
outwards, as follows :— 

(1) Mangrove swamp—varying in size up to nearly a mile in 
maximum breadth. 

(2) Champignon—the surface much metamorphosed, coral rock, 
usually with sharply defined dark portions, which appear to consist of 
guano included during metamorphosis. It has evidently been subjected 
to heavy rain denudation, its surface being a mass of points and pits. 
The vegetation is a scrub of Pemphis acidula. 

(3) Platin—fairly smooth, composed mainly of coral fragments and 
reef débris, with a few shells, weathering into large flat slabs with soil 
accumulating in the crevices. In places are larger depressions, in which 
there are usually clumps of trees. The soil is guano, with a mixture 
of disintegrated rock. The vegetation is varied, containing numerous 
small bushes and trees, Pandanus, Ficus, Euphorbia, &c.; the fauna 
also is varied and comparatively rich. 

(4) Shore zone—largely of blown sand, with a stunted and wind- 
swept vegetation ; large clumps of Pandanus, Tournefortia, and Scaevola 
everywhere very numerous. 

In a broad sectional clearing which I made at Takamaka, the sea- 
ward reef commences with a fissured edge, succeeded by a sand flat, 
the sand being bound together by beds of grass-like Cymodocea, its 
rhizomes greatly overgrown by Lithothamnia; the buttresses between 
the fissures are themselves largely covered with sand; live coral is 
almost absent; not far from the edge are a few small boulders of dead 
coral, all much encrusted with Lithothamnia; a few species of seaweed 
are found in the pools left at low tide. The landward edge of the reef 
is formed of cliffs, 12 feet to 15 feet high, just outside which is usually 
a small depression in the reef with 2 feet or 3 feet of water. The cliffs 
are sloping, not overhanging, and are divided into buttresses ; they con- 
sist of a mass of corals cemented together with lime. The corals are all 
in the position in which they grew, and so perfect as to give the 
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impression that they are only just dead. On the landward side of the 
cliffs is a ridge, 2 feet or 3 feet higher, of grass-covered sand; this marks 
the seaward edge of the shore zone, which is about 250 yards wide, the 
sand being shallow and lying on a basis of coral rock. Then comes a 
rocky ridge, 4 feet to 6 feet higher than the shore zone, the rock more 
solid and less denuded; this, the highest part of the section, is some 
25 feet above sea-level. From the landward side of this ridge the level 
gradually decreases to about 10 feet above sea-level. It passes into a 
zone of Champignon, which here lies outside the Platin zone, which 
latter extends to the mangrove swamp. The Platin is all very similar in 
appearance, except that it is more wooded near the lagoon ; it terminates 
with a sharp drop through the last 4 feet or 5 feet to the lagoon surface. 
At Takamaka there is a spring of fresh water, and a grove of large 
Calophyllum and Ficus trees. This spring, with three others, all lying 
between Takamaka and the lagoon, is the only constant source of fresh 
water on the islands. The section finishes at Abbot’s Creek, which is 
a narrow passage from the lagoon with a thick undergrowth of man- 
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Aldabra Atoll, Scale about 6 miles to 1 inch. 


groves on each side; its bed is rocky and covered with very fine white 
mud; at its termination in the land it passes between small cliffs, all 
much overhung and obviously breaking down. 

In another section, which passes from Vert Island in the lagoon 
northward to the sea, the country is all, with the exception of the shore 
zone, of the Champignon type, Platin being entirely absent. There is 
a gradual slope from the lagoon, becoming steeper at the beginning of 
the shore zone. Right up to the latter salt water is often found in pits 
in the rock, fluctuating, apparently, with the lagoon tides. The cliffs 
on this north coast are 4 feet or 5 feet higher than those before described, 
and are always much overhanging. Caves penetrate far into their faces, 
large portions of which have at intervals fallen on to the reef; this 
fallen rock appears to become disintegrated quickly, as small pieces are 
uncommon, the action of the sea being assisted by boring animals 
{small Gephyreans, boring molluscs, &c.). As elsewhere round the 
coast, the rock shows its component corals in a way which leaves no 
doubt as to their being in the same position as previous to their elevation. 
On the reef here there are three or foyr distinct regions; close to the 
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cliff there is a small belt of bare rock, often worn into hollows contain- 
ing 3 feet or 4 feet of water; then a large area, mainly of broken coral 
fragments covered with Lithothamnia, and edged outside with a small 
boulder zone; and outside this, again, buttresses with a few colonies 
of living corals in the channels. Such are the usual features of the 
fringing reef at Aldabra, the appearance in the Takamaka section being 
quite exceptional. 

After the previous descriptions, it is possible to speak more generally 
of Aldabra. The cliffs, as stated, show their structure wonderfully 
clearly, except in the southern bight, where they are sloping and 
buttressed; they are much overhung, and are crumbling fast. The 
general variations in level across the land are similar; the highest point 
is near the sea, and there is a steady decrease in level to the lagoon. 

As regards the nature of the land, all the northern portion of the 
atoll—Polymnie Island, Malabar Island, and the north-east part of 
Main Island—-consists of Champignon. The south-east portion of 
Main Island is chiefly Platin. In the centre of the south of Main 
Island there is a wide shore zone, and then a belt of Champignon. To 
the east and west of this portion are large mounds (65 feet in height) 
near the shore. They are obviously wind dunes, the seaward slope 
being gradual with little vegetation, the landward very steep and covered 
with bush. Opposite each dune the cliffs have almost entirely 
vanished, a direct slope of sand leading up to the dune. It is noticeable 
that in Aldabra, as in most of the other islands of this part of the ocean, 
dunes are only formed on the coast facing the strong south-east trades. 
The west portion of Main Island is chiefly Champignon. At Couroupa 
there is a dip in the rock which appears to extend from the shore right 
across to the mangrove swamp; it is filled with sand, and attains a 
maximum depth of 8 feet. 

A portion of Picard Island and Esprit Island (in the lagoon) demand 
a fuller description. 

Esprit is largely swamp, but round the south and west there is a 
ridge of rock about 30 feet high, which is obviously not typical coral 
rock. The majority of the ridge is composed of a dark brown hard 
rock; at the lower levels it is very solid and homogeneous, but higher 
up it takes the form of a coarse conglomerate or pudding stone. The 
top of the ridge is capped with a rock which appears extraordinarily like 
flint. On each side are pinnacles of a rock which is evidently com- 
posed very largely of a deposit of mollusc shells, and which has 
suffered excessive denudation. On the outer (lagoon) side of the ridge 
these pinnacles are only a few feet high, but on the inner side, towards 
the centre of the island, they form a series of grotesque up-standing 
pillars and walls, varying up to 15 feet in height; they appear to be 
standing on the brown rock. 

Picard Island, which is mainly of typical coral rock, has in the 
centre (S.W.) a large plain of Platin country, on the east side of which 
is a large basin in the rock, in subterranean connection with the lagoon. 
On the floor of the basin IT found several small pieces of the dark homo- 
geneous rock, and, at one side, much of the brown conglomerate. The 
majority of the rock round the basin appeared purely calcareous, but 
there were some short veins (six inches to a foot wide) and masses 
of highly crystalline rock, some apparently calcite and some also 
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containing much phosphoric acid and apparently apatite. Bones, the 
teeth of elasmobranchs, and remains of other organisms, at present 
unidentified, were found both in the calcareous rock and in the brown 
‘conglomerate.’ A small area near the basin was covered with 
pinnacles of the ‘ shell rock’ as at Esprit. 

Specimens of these rocks were sent home in advance, and some 
were sectioned and reported on as ‘volcanic glasses’ in the issue of 
‘ Nature ’ of May 13, 1909. 

There is little doubt but that this identification is entirely erroneous, 
for since my arrival I have myself examined them briefly, and find that 
almost all of these strange rocks, with the exception of the ‘ shell 
rock,’ are largely composed of calcium phosphate, the colouring being 
apparently due to a considerable percentage of iron. 

Arrangements are being made for the proper examination of these 
rocks, the formation of which is at present shrouded in mystery, but 
which, it is hoped, will eventually throw considerable light on the early 
history of Aldabra. 

The four passes into the lagoon are interesting, and perhaps give a 
ciue to its formation. They have usually deep central channels, with 
reefs on either side. Small rock islets are present on these reefs, and 
it appears certain from their existence that the passes are steadily 
increasing in size, and that their reefs are really the remains of the 
land kept up to low-tide level by growing coral. Live coral extends for 
some distance into the lagoon, there being in all cases a luxuriant bed 
just inside the pass. At the mouth of the pass all corals are largely 
encrusted with Lithothamnia, and further seawards many are com- 
pletely killed by these alge. 

Besides the existing passes, it should be noted that there seems a 
likelihood of at least three more being formed—at Camp Frigate the 
Mangrove swamp extends right through the island to the sea, and no 
doubt a certain amount of water already traverses the land at that 
point. In Polymnie Island, at one place the swamp is within 100 yards 
of the shore, and a pass will probably be formed in time; at Dune Jean 
Louis there is only a quarter of a mile between the sea and the swamp, 
and if the lagoon erosion continues, no doubt Main Island will be 
divided at this point. It is worthy of note that fresh passes seem always 
to be formed by lagoon erosion, and not from the seaward side. 

The lagoon itself is very shallow, and the bottom sandy in the 
middle, changing into fine mud as it approaches the mangrove swamp. 
Eyerywhere one is forcibly struck by the extent of the erosion in the 
lagoon. Judging by its maze of small islands and mushroom-shaped 
rocks, at least one-third, or even more, of the lagoon can be shown to 
have been land at one time. At spring tides the amount of fine mud 
carried out to sea in suspension is very large, and it is obvious that the 
lagoon is still growing in size. There is some difficulty in accounting 
for the rapid transformation of the rock into mud, as boring animals are 
not common. 

As regards the vegetation, it is impossible to say much until the 
specimens collected have been worked out. The mangrove swamps 
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Brugiera thrives better in the more rocky places and on the small 
islands. In the extreme east of the atoll there is a large forest of 
the pseudo-mangrove Avicennia. The only other fact that need be 
mentioned is that Esprit Island has several plants not found elsewhere, 
or which are common to it and Picard Island alone. 

The fauna also must be left until the collections arrive and have been 
examined. So far as can be seen at present, it appears to be of the 
regular coral-island type, with such additions in the land animals as 
would be natural considering the large amount of land and the larger 
flora. It should, however, be remarked that the mangrove swamps 
were very disappointing in their fauna, a condition very different from 
that described in mangrove swamps in other localities. 

Large numbers of giant land tortoises still exist, but the problem of 
their distribution does not relate to Aldabra alone, as I have found their 
remains on Assumption and Cosmoledo, and they are also known to 
have occurred in nearly all the Seychelles Islands, two of which—Bird 
and Dennis—are coralline in structure. 

In conclusion, I would suggest that the reefs and islands of the 
Aldabra-Farquhar line present a most interesting series representing 
the possible life of an atoll. 


(a) Astove.—Land rim of atoll almost perfect and mostly rocky. 
Only one small pass of recent date. Lagoon exceedingly shallow, but 
getting rapidly deeper. Formation of another pass proceeding. 

(b) Aldabra.—Land rim still very perfect, and mostly rocky. 
Several passes already in existence. Strong evidence of increase of 
lagoon at expense of land. Lagoon deeper, and at least three passes in 
course of formation. 

(c) Cosmoledo.—Land rim broken up into a series of small islands 
only. Most of encircling reef bare, but evidence of a former rock-cap 
in mushroom-shaped rocks and minute islands. A noticeable increase 
of sand on the island, and decrease of rock. Lagoon deeper than that 
of Aldabra, and more open. 

(d) Farquhar.—Judging from Mr. Stanley Gardiner’s description, 
land rim very small. Island nearly all sand, and typical coral rock very 
scarce. Lagoon still more open. 

(e) A final or hypothetical stage may be imagined as an atoll with 
a considerable lagoon, without, perhaps, any land; or, if land is present, 
only as sand cays piled up on the reef. 


The Amount of Gold Coinage in Circulation in the United 
Kingdom.—Interim Report of the Committee, consisting of 
Sir R. H. Inetis PaueraveE (Chairman), Mr. H. STANLEY 
JEvons (Secretary), and Messrs. A. L. Bowxey and D. H. 
MAcGREGOR. 


Ar a meeting of the Committee held in November 1908 the estimate of 
the total gold coinage in circulation obtained from the available data 
was considered, and it was decided thaf the only assignable limits of 
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error were so great as to make the estimate of little value and unfit for 
publication. It was decided to attempt an estimate on the basis of 
the gold of dates 1904-6 in circulation, and for the purpose of calcu- 
lating this to obtain a fuller knowledge of the composition by date of 
British gold coin exported. Sy the kindness of the Governor of the 

Bank of England five bags of gold coin destined for export were opened 
in February, 1909, and the coins of different dates counted. ‘The result 
shows an unexpected variety in different bags, and they can hardly be 
taken as a true sample of the whole coinage exported. An estimate of 
the exports based on the composition of these bags gives a figure for the 
total coinage differing very widely from the previous estimate. 


Agricultural Development in the North-West of Canada, 
1905 wntil 1909. By Professor James Mavor. 


[Ordered by the General Committee to be printed in extenso.] 


In the end of the year 1903 the then President of the Board of Trade, 
the Right Hon. Gerald Balfour, did me the honour of asking me to 
make a confidential report upon Agricultural Production in the North- 
West of Canada, with special reference to the production of wheat for 
export. This report, which was the result of study of the subject since 
1896, was prepared in 1904, the narrative and statistical portions being 
brought down to December 31 of that year. The report was published 
in 1905.2 The Chairman of the Sub-section of Agriculture of the 
British Association has invited me to contribute a paper bringing down 
the data to the present time. 

The region which was the subject of inquiry consisted of the pro- 
vince of Manitoba and the territories of Alberta, Assiniboia, and Sas- 
katchewan. It comprised in effect the great plains from the Red River 
valley to the Rocky Mountains and from the international boundary 
to the valley of the North Saskatchewan. In September 1905 the 
political structure of the region was altered. The area of the terri- 
tories above mentioned, together with additional areas towards the 
north, was divided into two provinces—Saskatchewan and Alberta. 
The Legislatures of these new provinces were endowed with the 
same powers as those of the other provinces of the Dominion, 
excepting that the control of the unalienated public lands and the 
control of the North-West Mounted Police were retained in the 
hands of the Dominion authorities. Regina was selected as the 
capital of Saskatchewan, and Edmonton of Alberta. Some time 
elapsed before the various departments of the new Governments were 
fully organised. New statistical districts had to be determined in 
the two new provinces, and thus comparison of their data with 
those of the former districts came to be somewhat difficult. The 


’ Report to the Board of Trade on the North-West of Canada, with special 
reference to Wheat Production for Export, by James Mavor, Professor of 
Political Economy in the University of Toronto, Canada, 1904 (Parliamentary 
Paper) (Cd. 2628), London (1905). 
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erection of the new provinces was coincident with a considerable 
increase in immigration, largely from Great Britain and the United 
States, although the population was also considerably increased by a 
less readily estimated immigration from the province of Ontario. 

In the preparation of the report of 1904 L found myself confronted 
by the fact that the region in question had only been partially sur- 
veyed, and that no agricultural survey properly so called had been made 
of any portion of it. Estimates of the agricultural possibilities of the 
region were thus matters not of knowledge but of opinion; and opinions 
of different persons, many of them equally well qualified to form 
judgments on such questions, varied very widely. in these circum- 
stances it was necessary to be guarded in the formation of any con- 
clusions about the conditions of the time and still more about the 
possibilities of the future. I felt bound, however, to consider and 
present such estimates of these possibilities as had been brought 
to my notice. At the same time | explicitly refrained from offering 
endorsement of any of these estimates. On the grounds of what 
official data were at the time available concerning the agricultural 
history and apparent tendencies of the agricultural exploitation of 
the region, I ventured to suggest some provisional conclusions of a 
very general character. Among these conclusions was the follow- 
ing :— : 

‘ Very great improvements in the productive power of the country 
and a very considerable increase in the effective population, as well as 
a more exclusive regard to wheat cultivation, would have to take place 
before the North-West could be regarded as being in a position to be 
relied upon to produce for export to Great Britain a quantity of wheat 
even nearly sufficient for the growing requirements of that country. 
That an exclusive regard to wheat cultivation is unlikely to arise seems 
certain from much of the foregoing detail. Even if the soil were 
uniformly suitable, and even if the seasons could be absolutely relied 
upon, the disposition of the people and their settlement upon small 
farms of which the owner is also the cultivator seem against the 
exclusive cultivation of one crop. The tendency of knowledge derived 
from experience and of instruction and advice derived from the experi- 
mental farms, as well as other Governmental encouragement of mixed 
farming, are all opposed to exclusive cultivation of wheat or of any 
other one crop, as is also the experience of the States immediately to 
the south of the international boundary.’ + 


The experience of the past five years very strongly confirms this 
conclusion. A considerable improvement in the productive powers of 
the country has taken place, a considerable increase in the effective 
population has occurred, yet the quantity of wheat produced is still 
far short of the quantity annually imported by Great Britain. More- 
over there has been during these years less rather than more propor- 
tional cultivation of wheat. Mixed farming has become more common. 
These facts appear in the statistics which follow. 


2 Report to the Board of Trade on the North-West of Canada, with special 
reference to Wheat Production for Export, by James Mavor, Professor of 
Political Economy in the University of Toronto, Canada, 1904 (Parliamentary 
Paper) (Cd. 2628), London (1905), p. 114. 
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The Area of the Prairie Provinces.—The area of the three prairie 
provinces—Manitoba, Saskatchewan, and Alberta—is much larger than 
the area of the region formerly occupied by Manitoba and the North- 
West Territories. This appears in the following table :— 


1904 1905 
In Millions of Acres 


Land | Water| Total || 


Land | Water | Total 


Province of Manitoba 


.. . | 412] 60 | 472] 412] 60 | 47-2 
The Territories, afterwards the i 
Provinces of Saskatchewan and | / 
Alberta (including the added i 
areas) . : . ‘ 1879 | 30 |191:0 1551 | 63 | 160-4 
| 160°8 | 1:5 | 162°3 


2291 | 9-0 | 2382 357-1 | 12:8 | 369-9 


The added areas thus amounted to more than fifty per cent. of the 
original area of the region. The addition consisted of almost the whole 
of the former territory of Athabasca. The greater part of this addition 
is beyond the region of practicable settlement for commercial produc- 
tion at the present time. 


Meteorological Data of the Years 1905-09.—Attention was drawn 
on the previous occasion to the fact that the observation stations of the 
Meteorological service do not furnish records for a sufficient length of 
time to.enable decisive conclusions to be formulated regarding the 
important questions of temperature and precipitation. It is hardly 
necessary to lay emphasis upon the well-established scientific fact that 
the occupation of a country does not influence the climate. The 
erection of buildings and the planting of trees may affect, within certain 
narrow limits, the currents of air on the immediate surface, and culti- 
vation may render the soil less impervious to moisture, and may thus 
alter the quantity of moisture held by the soil; but none of these 
changes has any influence upon the rainfall or upon other phenomena 
of a cosmic character. This, at all events, is the general conclusion 
of meteorologists, who alone are entitled to be heard upon such a 
question. 


Average Daily Maximum Temperature. 


| | 
—— April July Sept. Nov. | January 


’ Calgary . 53°2 74:7 63°7 35°3 23:1 
hana rel Edmonton . | 529 | 737 | 621 | 39:5 | 162 
Winnipee .| 501 | 776 | 65:3 | 305 8:0 


Bar: earl bf Medicine Hat| 446 | 681 | 561 | 284 | 11°8 
ons | 


—— =. ih 
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Normal Precipitation. 
The following table shows the average annual precipitation observed 
at the stations named: ? 


1888-1907. 

Inches Inches 
Calgary (20 years’ observation) . 16°30 | Qu’Appelle (20 years’ observations) 15°84 
Medicine Hat a selon kl | Mimiedosa 93 . 17°36 
Edmonton - . 1820 | Winnipeg a . 2081 
Battleford Hy Ae) | Macleod (14 years’ observations) 13:15 
Prince Albert is . 16°60 | Brandon . . 17°38 
Swift Current a » 15:90 


Table showing Dates of First Occurrence of Sowing, Hay-cutting, and Grain-cutting 
in the North- West in Successive Year's since 1905. 


— | Sowing Hay-cutting Grain-cutting 
1905 | 
Alberta . sal — July 20 First week in August | 
at Edmonton 
Saskatchewan | — — July 25 
Manitoba “i, — _ First week in August 
| | 
1906 | | 
Alberta . . | 90 per cent. of wheat July 12 | Wheat-cutting general 
| in by the end of | | by middleof August. | 
| April. Oats sown | Barley 4th. Oats | 
‘in first week of | | 13th | 
May | 
Manitoba . | Wheat-sowing on | — August 4 
April 30. Oat- | | 
sowing finished | 
April 30. Barley 
later 
1907 | Harvest began gene- 
Alberta . | Gea me | rally on September 5, 
Saskatchewan | og | M see | _ except in far nor- 
Manitoba ) . y thern Alberta, where | 
no crops ripened 
1908 | 
Alberta . 5 ‘| Wheat and oats Haying com- Wheat-cutting middle | 
Saskatchewan. |; 2 in. to 3 in. |  pletedJuly 24 of August 
Manitoba ) high by May 31 
General Calendar of the Scasons. 
| — | Manitoba Saskatchewan Alberta | 
| 
1905 Good year. Large | Good year. | Dry spring in west and | 
yield Large yield. north centre of pro- | 
| ‘Stinking vince. Rains in 
| | smut preva- June,with two frosts. 
| | lent’ Harvest | weather 
. good | 
1906 Large crop, but de- | Early season. | Winter mild. Light | 
| ficient average Hot winds in snowfall. Heavy | 
| | yield reported July. Grain rains in May. Dry | 
prematurely and warm in June | 
ripened. and July. Hot and 
Yield per acre dry in August 
reported less 
than 1905 


1 JT am indebted to Mr. R. F. Stupart, Director of the Dominion Meteoro- 
logical Department, for compiling these statistics, 
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General Calendar of the Seasons—continued. 


_— Manitoba Saskatchewan | Alberta 


1907 Unfavourable year. | Unfavourable | Unfavourable year. 
Deficient harvest year. Defi- | Deficient harvest 

cient harvest. | 

Reported yield 

13°52 bushels | 

; per acre 


Government Loan of Seed. 


1908 | Favourable spring | Favourable | Favourable spring 
| spring | 
| Hot and dry in July in three provinces 
| Good yield and heavy crop 
1909 | Low temperature and cold rains eariy in June, followed by dry 
| weather. Seeding in all provinces was late. In the end of 
June some heavy local rains. Conditions of crops irregular 
and difficult to estimate in the aggregate. Hot and dry 
weather in July and August led to early harvesting. Result 
| of crop cannot as yet be stated with confidence 


Population.—The last Dominion Decennial Census having been 
taken in 1901, it was thought that an intermediate census ought to 
be taken of the three prairie provinces in 1906, partly because of the 
considerable immigration and partly because of the readjustment of the 
political status of the population. 

The following table shows the general result of this census, which 
was taken as at June 24, 1906 :— 


— 1901 | 1906 Increase | 
roar © ha. St a 
Manitoba. 2 5 : : zt 255,211 365,688 44:28 
Saskatchewan . A 5 : 2 91,279 166,484 182°39 
ME vo se. tcpventedl oy O22. | | 112890 15391 | 
= aes = = 2 A ere 
1200! Qe neha seeihg abate: 419,512 | 808,863 92:31 | 


The following table shows the origin of this population in a very 
general way :— 


Per cent, Per cent. 
1901 1906 
Born within the British Empire . 3 : 78:40 70°21 
Born within the United States . é 3 4:95 11:22 
Total British and American born . c 5 83:35 81:43 
Born in other countries . ‘ 5 f ‘ 16°65 18°57 
100:00 100:00 


The available statistics show that although the immigration from the 
United States had been considerable, there were, in 1906, in the three 
provinces but 90,738 persons who had been born in the United States. 
The population of British origin was thus still largely preponderant. 
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In the report of 1904 attention was drawn to the greater increase 
of the urban than of the rural population, as shown by the census 


returns up till 1901. 


This increase has gone on to an even greater 


extent than formerly, as is shown by the following table :— 


1901 
Rural Urban Rural avian 
| Population | Population | Population | Population 
Manitoba. 72°41 27°59 62°24 37°76 
Saskatchewan . 84:38 15°62 81:20 18°80 
Alberta 74:00 26:00 68°71 31:29 
75°28 24°72 69°77 30°23 


The relation between the increase of cultivation and the growth of 
the population is shown by the following table. 


The figures are for the 


three prairie provinces combined. 


—_ 1901 1906 
Rural persons 315,821 564,278 
Urban ,, 103,691 244,585 

Total ae 419,512 808,863 
Number of acres cultivated in field crops 3,597,691 8,010,980 
Number of acres cultivated in field sf0Ps per 
1,000 rural inhabitants 11,391 14,250 
Number of acres cultivated in field crops per 
1,000 of all inhabitants 8,576 9,941 
Number of acres cultivated in ‘wheat per 
1,000 of all inhabitants 5,950 6,258 | 


It will thus be seen that, together with the increase of population, 
there has occurred an increase of cultivated area per head of the 
population. While in 1901 the cultivated area amounted to less than 
8°6 acres per head, of which 5°9 were in wheat, or 68 per cent., in 
1906 the cultivated area was 9°9 acres per head, of which 6°3 acres 
were in wheat, or 62 per cent. 

Immigration.—The difficulty of collecting and of presenting accu- 
rate statistics of immigration and emigration for Canada was noticed 
in the report of 1904. The chief reason for this difficulty is that 
the large traffic between the United States and Canada by rail and 
steamer and the considerable traffic by road or by prairie cannot readily 
be divided into migratory traffic properly so called and tourist or 
commercial traffic. | Moreover even if such a distinction could be 
made the actual numbers passing, excepting those travelling by ordinary 
means of conveyance, could not be accurately ascertained. Large num- 
bers of settlers, for example, have in past years crossed from the 
United States into Canada in their own covered wagons at unobserved 
points on the frontier. Methods other than those involving actual 
~ count on the frontier lead inevitably to omissions and duplications. 
Insufficient attention has also been paid to the deductions from the 
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totals of immigrants in respect to emigration. This has, however, 
been undoubtedly a smaller element than if was ten years ago. 

According to the statistics of the Department of the Interior, which, 
for the reasons explained above, must be accepted with qualifications, 
the following is a comparative statement of the immigration into 
Canada during the years since 1900. 


Comparative Statement of Arrivals at Inland and Ocean Ports during the 
Four Years ending March 31, 1908. 


Great Britain United Other 


| ie. and Ireland States Countries Total 
1904-05 P 7 ‘ = 65,359 43,632 37,255 146,266 
| 1905-06 . 86,796 17,919 44,349 189,064 
1906-07 (9 months only). 55,791 34,659 37,217 124,667 

‘ 1907-08 . 5 | 120,182 58,312 83,975 262,469 


The total number of arrivals during the period of six years from 1901 
till 1906, embracing the two census years 1901 and 1906, was as 
follows :— 


United United Other Total 
Kingdom States Countries Yi 
1901-06 : ; 273,390 240,590 196,572 710,552 


Tt will be observed that during recent years there has been a con- 
siderable increase in the immigration from all the sources indicated, 
but especially from the United Kingdom and from other European 
countries. Large as the immigration from the United States has been 
it has not been so great proportionally as that from other countries. 
The reasons for the increased emigration from the United Kingdom 
have been chiefly the following: the increase of population ; the decline 
of trade, due largely to American fluctuations; the disturbance of the 
labour and money markets, due to the South African war; the activity 
of emigration societies, emigration agents, and steamship companies; 
and the offer of free homestead land in the Canadian North-West. 
Excepting the first—viz., the increase of population—these conditions 
are all temporary. The agricultural population of Great Britain com- 
prises now so small a proportion of the total that agricultural wages 
have risen sharply, and it must thus become more difficult to induce 
the agricultural labourer to change his habitat. It must be realised 
that although during the past two or three seasons many former tenant 
farmers and other persons with capital have emigrated and have esta- 
blished themselves in Canada, this class of men is not accustomed to 
hard physical labour personally. They have been employers and 
directors of labour. In that country labour is difficult to obtain, and 
very expensive when it is obtained. So long as the free homesteads 
are offered, and so long as mining and prospecting offer high remunera- 
tion, the farmer who attempts to cultivate his land by the labour 
of others must be seriously handicapped. in spite of its fertility. 
Gradual Depletion of the Unalienated Public Lands.—An excellent 
map recently issued by the Department of the Interior shows that the 
area of land available for homestead entry south of the North Sas- 
katchewan River is now comparatively small. The only district in 
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which there is any considerable area still available is the large 
irregular triangle of which the main line of the Canadian Pacific Rail- 
way between Swift Current and Medicine Hat may be taken as the 
base, the apex being on the line of the new Grand Trunk Pacific Rail- 
way near the Buffalo Park Reserve. This region has always been 
looked upon with some disfavour as a field for settlement; but some 
part of it will doubtless turn out to be of value. 

Otherwise the intending homesteader will have to find his way 
northwards. This, of course, does not mean that the whole of the 
area of the Southern part of the three provinces is settled. Very large 
areas are in the hands of the railway companies; other areas are in 
the hands of land and colonisation companies, and a considerable 
amount is held by farmers and others for speculative purposes. 

If immigration were increasing greatly in the immediately succeed- 
ing years there would undoubtedly arise a land question, owing to the 
difficulty of procuring land at a moderate price. 

The condition of trade in Canada in 1907 and the deficient: wheat 
crop of that year rendered it difficult for the country to absorb 
so great a number of fresh arrivals, most of them bringing very 
slender resources to enable them to establish themselves. Many 
crowded into the towns during the winter of 1907-8, and some 
were the recipients of charitable relief. Such conditions led to legis- 
lation increasing the severity of the immigration law and compelling 
the steamship companies to take back to the port of shipment persons 
who, being found to be unable to support themselves, or being other- 
wise ‘ undesirable immigrants,’ were ordered to be deported. This 
legislation had the effect of diminishing the efforts of the steam- 
ship agents and the other agencies engaged in the immigration busi- 
ness to increase the immigration by mere numbers. The question of 
quality of immigrants is very intricate and cannot be said to be settled 
by the methods prescribed by the recent legislation on the subject. 

In 1907-8 there was a considerable increase in immigration, the 
number of immigrants in that year being the largest in the history of 
the country. 

The Policy of Wide Distribution of Immigrants.—The question 
of distribution of immigrants is one which is not wholly within the 
control of the Government in a free country. Many settlers resent 
the interference of the Government in determining where they should 
settle. Accusations of political instead of purely administrative 
motives determining action in particular cases would be quite certain to 
arise. When individual settlers come into a new country they must 
thus be left a large range of choice in the available field. Nevertheless 
the Department of the Interior does in practice reserve certain areas 
from homestead entry, and does from time to time throw these areas 
open to the settler. The policy of land settlement is thus to a certain 
extent under the control of the Department. The problem may be put 
in this way: Is it wiser to concentrate the incoming tide of immigra- 
tion in particular areas, or ought it to be permitted to go where it will? 
If it is concentrated, the favoured areas increase rapidly and regularly 
in value, as the incoming immigration produces additional demand for 
land within the areas. If immigration is dispersed, the exercise of 
administration and provision of the means of communication must 
accompany or follow the dispersal, and the eccentricity of a few settlers 
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who might wish to be very remote from others may lead the country 
into extremely heavy expenses for railways, roads, education, police, &c. 

For example, some Scottish settlers who had placed themselves by 
singular choice over one hundred miles from a railway station had to 
be visited during the winters of 1907 and 1908 by a troop of Mounted 
Police, to whom the severe journey was an arduous and costly affair. 
The provision of Governmental administration for isolated groups is 
thus very expensive, and for that reason sometimes very inadequate. 
The disadvantages of isolated and sparse settlement are felt most 
acutely in respect to education. Although the farmers appear to desire 
that their children should be educated there are great tracts in which 
there is no provision at all, and other great tracts in which the provision 
is very slender. 

For these reasons the recent settlements to the north of Prince 
Albert and those in the Peace River District seem to be quite premature. 
They are produced by a mere furore for change. Most of the farmers 
who have gone to the regions remote from markets and remote from 
civilisation have sold their farms in Manitoba, and even in Ontario, 
and have gone to the remote regions because they believed the 
optimistic tales of the persons who had visited the district in a casual 
way. The authoritative opinion of agricultural experts is altogether 
against the settlement of the Peace River District under present con- 
ditions, yet remoteness has a great charm for some people. 

The administrative expenses of a widely scattered population must 
be disproportionately heavy, no matter how the real incidence of the 
cost may be concealed by indirect taxation and by the system of pro- 
vincial subsidies. | The cost of roads has only been prevented from 
becoming an intolerable burden by mere neglect of them. As the 
road allowances come to be defined, and as the traffic upon them 
increases, either the roads must continue to be neglected, to the great 
loss of the inhabitants, or they must be kept in repair at an enormous 
cost. 


Collection of Agricultural Statistics. 


It is not necessary to urge the importance of the collection of 
reliable agricultural statistics, but it seems to be advisable to remark 
that their collection in Canada is not in a very satisfactory condition 
at present. 

In 1908 the duties of the recently established permanent Census 
and Statistical Office at Ottawa were enlarged, and this office was 
entrusted with the collection of agricultural statistics throughout the 
Dominion. This measure did not, however, result in the abrogation 
of the functions of the provincial statistical officers. We are thus 
periodically presented with two sets of statistics for the same areas, 
one set collected and compiled by the Dominion Statistical Depart- 
ment and another set collected and compiled by the provincial 
authorities. The methods adopted in the collection and compilation 
are not the same, and the statistics present very grave discrepancies. 
For example, the estimate of the Dominion Statistical Office for the 
wheat crop of 1908 is 91,853,000 bushels, while the combined esti- 
mates of the three prairie provinces is 107,002,093 bushels, a difference 
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of about 16 per cent. Since the latter figure is that adopted by 
the Dominion Department of Trade and Commerce, the result is 
very confusing. A similar disparity is observable in respect to the 
oat crop; the Dominion Statistical Office estimates it for 1908 at 
96,718,000 bushels, while the provincial authorities place it at 
109,018,812 bushels. The statements of the acreage under crop ex- 
hibit similar discrepancies. It is quite impossible for an independent 
inquirer to decide between these rival authorities. The region is so 
vast and, so far as the greater part of it is concerned, so sparsely 
populated that the collection of information from every individual 
farmer is a difficult and expensive process. An attempt is, however, 
being made by the Dominion Statistical Department to collect the 
data in this way. On the other hand the Saskatchewan Depart- 
ment of Agriculture has adopted the method of obtaining from the 
‘ threshers ’ a statement of the quantities of grain threshed by them. Of 
these ‘ threshers ’ about 2,400 made returns. The acreage under crop is 
estimated from returns made by 15,000 individual farmers. In 1906 
there were, however, about 56,000 individual farmers, so that unless 
the farms from which returns were obtained were of carefully selected 
types, and unless the total number of each type was known with fair 
precision, it is obvious that there is room for errors of magnitude. 

It appears in the first place that a greater number of expert 
statistical officers might be employed, and in the second place that an 
adequate agricultural survey of the whole region might be undertaken 
at an early date and carried forward gradually to completion. The 
collection and continuation of agricultural statistics is a special business 
which has been highly developed elsewhere, and the time has un- 
doubtedly arrived when the results of the best experience should be 
applied to Canada. The surveys which have been and are being made 
by the Dominion land surveyors, under the direction of the Topo- 
graphical Surveys Branch of the Department of the Interior, are of 
value so far as they go, although many of them are now out of date; 
and moreover the reports of the land surveyors describe the land as it 
was before settlement. What is wanted is a survey of settled as well as 
of unsettled lands, with a record of their agricultural history and present 
condition. Such a survey seems to be an indispensable preliminary to 
the annual collection of sound agricultural statistics. Until such a 
survey is made it is really quite impossible to arrive at any but more or 
less fanciful conclusions about the future productivity of so vast and 
varied a country. 

None of the statistics give any statement of the number of acres 
sown to wheat of which no crop has been reaped, nor of the quantity 
of wheat which has not ripened, nor of the quantity which has been 
frozen, or damaged by smut or otherwise. Without these particulars 
an accurate knowledge of the yield in relation to the quantity sown — 
cannot be obtained; and the fertility of the soil is obscured, as well as, 
in some cases, the extent to which it is being injuriously exploited. 

Agricultural Production, 1906-07. —In stating the agricultural 
production of the past four years it is necessary, for the reason 
explained above, to give the results both of the Dominion and of the 
provincial authorities. This has therefore been done in the following 
table, which has been compiled from the reports of the respective 
departments, 
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Wheat.—The yield of wheat in bushels per acre for the area 
cccupied by the three prairie provinces can be shown collectively only 
since 1898. Since then it has fluctuated widely—from 9°11 bushels 
in 1900 to 25°16 in 1901. During the past six years it has been twice 
above 20 bushels and four times below 16 bushels. The period is 
much too short for decisive conclusions, but there is no justification 
in the history of crops in the North-West for the custom of multiplying 
the estimated acreages by the arbitrary figure of 20 bushels and arriving 
in this way at a haphazard estimate of the crop. 

The following diagram exhibits the yield of wheat in the area 
occupied by the three prairie provinces from 1898 to 1908. Tho 
statistics upon which the diagram is based are those of the provincial 
and of the Dominion authorities, shown separately since the series of 
the latter authority began. 

Diagram showing the Yield of Wheat in Manitoba and the North-West Terri- 


tories from 1898 till 1904, and in Manitoba and the Provinces of Saskat- 
chewan and Alberta, 1905 till 1908. 


[Aggregate Statistics of Bulletins of respective Provinces—Solid Line 
Statistics of the Census and Statistical Department, Ottawa—Broken Line. ] 
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Cost of Producing Wheat.—In my report of 1904 I gave some 
details of the cost of wheat-production. The first of the following 
schedules applies to the region, lately settled by farmers from the United 
States, which lies round Ponoka, on the Calgary and Edmonton line. 
The district is more suitable for the production of oats than of wheat; 
but labour, as a rule, is not so difficult to obtain as in many other 
districts. The date of the costs is March 12,1907. Two other schedules 
of cost, dated 1909, one in the Weyburn District and the other in the 
Rouban District, are given for purpose of comparison. The costs were 
exact at the time they were compiled; but I do not suggest that they 
should be regarded as applicable generally, or even over a wide area. 


At Ponoka 1907 
New Land Old Land 
a Per Bushel Per Bushel 
Per Acre | (at 20 per | Per Acre | (at 20 per 
Acre) Acre) 
Breaking $3.00 | $ 01500 — — 
| Cultivation . 4.05 0°2025 $ 2.80 $ 0°1400 
| Seed (12 bushel) ; 1,50 0:0750 1.50 0:0750 
| Harvesting, threshing, &c. 2.68 0°1340 2.68 0°1340 
Hail insurance ; 0.15 0:0075 0.15 0:0075 
'Costatfarm. . . , $1138 | $5690 | $7.13 | $-3565 
| Hauling to elevator or station 0:90 0450 0.90 0:0450 
| 
| J M0 
| Cost at elevator or station 12.28 | $0:6135 $ 8.03 § 4015 
| Price, March 11, 1907 -- 0:5300 _ 05300 
| Gain on 
Loss on new land . — $ 0°0835 old land | $0°1285 


Three items not included here : (1) taxation; (2) value of farmer’s superintend- 


ence ; (5) rent or interest on capital. 


| In Weyburn District 1909 
New Land Old Land 

Par Bushel | Per Bushel | 

Per Acre | (at 20 per | Per Acre | (at 20 per | 

| Acre) Acre) | 

Breaking $3.25 | $0:1625 Pee ae ken ce 

Cultivation 1.90 | 0:0950 $ 2.40 $0:1200 | 

Seed 2 4 : ‘ 1.50 0:07£0 1.50 00750 | 
Harvesting, threshing, &c. 2.75 01375 2.75 01375 
Cost at farm . : $ 9.40 0:4700 $ 8.65 0°3325 
Hauling to elevator 1.00 0:0500 1.00 0-0500 
Cost at elevator F 10.40 0:5200 $ 9.65 $ 0:3825 
Freight to Port Arthur . — 0:1200 _ 0:1200 

Cost at Port Arthur — $ 0°6400 — $0'5025 | 


a é 
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In Rouban District 1909 
New Land | Old Land 
| Per Bushel | ! Per Bushel 
Per Acre | (at 30 per | Per Acre | (at 30 per 
Acre) Acre) 
| | 
| = —S eS ee — i \ =| —— 
Breaking ; ¢ ; . .| $4.50 | $01500 | — —_ 
Cultivation . : ; F |. 3.50 0:1167 $2.60 | $6:0867 
Seed : : , : : salpees Lee 00433 1.40 | 0-0433 
Harvesting, ke... : : - | ast. 01250 | 3.75 | 01250 
a —| 
Cost at farm . 5 : ; : 13.15 04350 $ 7.75 0 2550 
| Hauling grain ; 5 j - 1.50 0:0500 1.50 0:0500 
| Costatelevator . . . .| 14.65 04850 9.25 0°3060 
| Freight to Port Arthur . . sal — 0:1200 | = 071200 
sha a | 
| — = $0°6050 | $ 01250 | 
———— = Pen wat Sd. om 


It is to be observed that, with the exception of seed and binder 
twine the whole of the above costs are costs for labour, which on a 
small acreage the farmer may, with his family, render himself. His 
actual outgoings are thus small; but if he is a new comer, working 
on new land, he has to compete with others whose land has already 
been in cultivation for years, and whose net earnings are therefore much 
greater, whether they employ labour or not. 

The costs above enumerated vary with the district and with the 
season, so also does the net price obtained, and therefore the profit. 
Any attempt to strike an average must therefore result in an arbitrary 
figure which would be almost destitute of value. The above schedules 
are given chiefly with a view of suggesting how such costs might be made 
up. In addition to the enumerated items there are to be considered 
. also three others, one of them variable in different districts, although 
easily ascertainable, viz., taxation; the others are very difficult to 
estimate. These are the value of the farmer’s labour of superin- 
tendence — his physical labour has been provided for—and the 
amount of his rent or the interest upon the purchase price of his land, 
with depreciation or improvement taken into account. In the case of 
production upon new land the balance of the cost of cultivation over 
that of old land may fairly be spread over, say, five years. In this 
way the net mean annual cost of his wheat to the farmer in the cases 
quoted would be reduced. His net profit in any one year would, how- 
eyer, depend upon the proportion of new land which he brought into 
cultivation. 

At a Winnipeg price of 75c. per bushel the farmer would probably 
make a gross profit, out of which the three last-mentioned items would 
haye to be defrayed, of approximately 20c. per bushel, upon such of 
his wheat as might reach the standard for which this price was obtain- 
able. Out of this gross profit the farmer has to provide his wages of 
superintendence, interest upon the amount paid for his land, interest 
upon his agricultural capital, and, besides, an insurance fund against 
the fluctuations of the seasons and the markets. 
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It should be observed that if the cost of the seed is deducted from 
the total costs, where the farmer saves his own seed, the quantity of 
the seed should be deducted from the yield. 


Increased Miscellaneity of Agricullural Production. 


The process which was noticed in the conclusion quoted above 


as having manifested itself during the years preceding 1904—viz., 


the 


increase in the miscellaneity of agricultural production—has been very 
conspicuous in the more recent period, as is shown by the following 


table. 


sbi of Ac rage sown in Wheat to Total Acreage under Grain Crops. } 


| Wheat 
| Other crops 


| 1905 | 1906 1907 | 1908 1909 

I ) 

| 62°56 63:96 | 6068 59:20 5544 

| 87 44 3604 | 39°32 40°80 4456 
| 

| 2 Bae [ss 
| 
| 100-00 100-00 | 100:00 100-00 | 100-00 | 


Reference to similar calculations in the report of 1904 will show 
that this decline in the proportion of wheat crop area to the total 
cultivated area has continued since 1900, with two slight retardations, 
one in 1903 and the other in 1906. 

It is to be observed that the crop which has shown the greatest 


proportional increase is oats. 


This is exhibited in the following table. 


Percentage of each crop in relation to the Total Area under the following crops. 


1905 ( 


1909 | 
Man. | Sask. | Alta. | Total ef Man. | Sask. | Alta. ‘Total | 
| Whea 63-73 | 6890 25:85 6256 “B731 | 59-11 | 27-54 | 65544 | 
Oats 24-86 | 27-43) 58:38 | 27-79 2837) 3312 5866 3357 | 
Barley 10-42 | 201 | 1559] 855 || 1420) 3:56) 13:31) 8-72 | 
Flax 060 154 Oe oa el 0) ak | Sa 
Rye ONG he 7 ee O11 | 010) — | 049; 0:09 | 
Peas OFC Baer a ese 0:03 | O02) nal punme 
Speltz — | O12) 0:04 0 03 | fe — 
Corn argh eee Se ke Ol | Bis ee ee 
jt stu) ie Ad et Tas 
100.00 | 100-00 | 100-00 100-00 i 100/00 10000 , 100-00 100-00 


The increase in the absolute and in the proportional production of 
oats is due chiefly to the great amount of railway construction which 
has been going on in the three provinces during the past five years, 


and to a less degree to the immigration of new settlers. 


Both of these 


circumstances have involved greatly increased use of horses, and the 
relatively high prices obtainable for oats has constituted a strong in- 
ducement for the farmer to cultivate that crop. 


It will be observed 


The percentages are based upon the statistics of the Departments of Agri- 
culture ot the three prairie provinces respectively. 


* Cf. Report, 1904, p. 57. 
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that in Alberta there is a slight increase in the proportional production 
of wheat. This has taken place almost entirely in the southern part 
of the province. Oats remain the preponderating crop in the north. 

Agricultural Progress.—The condition of agricultural progress may 
be estimated from the statistics which have been given. There can bo 
no doubt that, although summer fallowing is becoming more common, 
continuous cropping is still the rule. When wheat yields a high price 
it is very difficult for the farmer to realise that although he may be 
able to secure enough from two or three crops to pay for his farm he 
may in a few seasons exhaust its value. This method of continuous 
cropping has come to be known in the West as ‘ mining the farm.’ 
Rotation of crops is, however, coming into practice, and mixed farming 
is becoming more common. 

Summer Fallowing.—Although summer fallowing has been univer- 
sally recommended by the directors of the Experimental Farms and 
other agricultural authorities it is as yet applied to a comparatively 
small proportion of the area under wheat cultivation. The last year 
for which statistics on this point are available is 1906. In this. year 
the proportion of the total acreage in the three provinces under spring 
wheat which had been fallow the previous summer was only 25 per 
cent. Manitoba exhibited the highest proportion, or about 30 per cent. ; 
Alberta the lowest—about 16 per cent. 

Irrigation.—There are being carried out at present three large 
schemes— : 

1. The Alberta Land and Irrigation Company’s, commonly known 
as the Galt Scheme. 

2. The Southern Alberta Irrigation Scheme. It will probably be 
two years from the present time before this company is in a position 
to supply water. They expect to have about half a million acres under 
ditch. The land with which they are dealing is reported to be fine 
land, but useless without irrigation. 

3. The Canadian Pacific Railway Scheme. This is by far the 
largest of all the schemes. The ultimate intention is to apply it to 
about 3,500,000 acres of land which formed the Canadian Pacific Rail- 
way grant in. the semi-arid area. This land is in a solid block; the 
arrangement as to alternate sections which applied to the remaining 
22,000,000 acres of their grants does not apply to this area. At 
present the scheme involves about 1,000,000 acres. The block em- 
braced in this portion is divided into three sections—EKastern, Central, 
and Western. In the Western section there remain undisposed of 
about 250,000 acres. The following works are in progress and will 
be completed in 1909 :— 


Main canal, 17 miles. 
Secondary canals, 289 miles. 
Distributing ditches, 1,331 miles. 


About $3,500,000 have already been expended. The total estimated 
expenditure for the three sections is $8,000,000. The plans for the 
irrigation of the eastern and central sections are now being made. 

During the two past years the Canadian Pacific Railway Company 
has undertaken to prepare the land, fence it, and erect buildings, &c., 
for purchasers of land within the irrigation block in advance of aetual 

1909. Q 
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settlement, charging 5 per cent. over cost. The following represents 
the work done in this way :— 


— | 1908 1909 
Breaking ‘5 : A ‘ A 54 4,000 acres 15,000 acres 
Sown to wheat . : : : z 2,000 _,, 8,000 __,, 
Fence erected . * ‘ A F ‘ 36 miles . 150 miles 


Wells sunk . 3 F ; a oH None 50 | 


Some portion of the area, in addition to the quantity mentioned as being 
sown to wheat, is no doubt destined to be so employed next year. 
The proportion of the work done by the Irrigation Department of 
the Canadian Pacific Railway in relation to the whole of the work done 
in the irrigation block is about 33 per cent. 
The following gives the increase in the acreage under cultivation in 
the irrigation block since 1905 :— 


1905. . 1,600 acres 1908 . . 26,000 acres 
1906. 7B D0U 55 1909 . eee fee.) Oe ee 
1907 . . 5,800 ,, 


This land would probably not have been under cultivation at all but for 
the irrigation scheme. 

Dry Land Farming.—Much attention is now being devoted to what 
is called dry land farming. This practice, which has been introduced 
from the United States, consists of thorough and repeated cultivation. 
The principal advocate of the system, Prof. Campbell, says that, in 
order to render cultivation of grain profitable under his system, an 
annual rainfall of from 14 to 18 inches is required. The regions 
round Swift Current and Calgary fall within these limits, the 
average annual precipitation at these places being 15°74 and 1641 
respectively. The regions round Medicine Hat and Macleod fall below 
the inferior limit, the average annual precipitation being only 13°72 and 
12°17 respectively. Unfortunately the experiment of dry land farming 
is being tried in some regions where the natural conditions are quite 
unfavourable. 

Live Stock.—The following shows the increase in live stock between 
1901 and 1906 :— 


: zh eae aii i 
aa | Year | Horses | wu | BS Soe Sheep | Swine | 
N.W. Provinces . : | 1901 | 340 244 | 698 182 200 
Do. . an 1906 | 682 384 | 1,560 304 439 


The increase in animals is thus, on the whole, rather greater than 
the increase in total population, and is much greater than that in 
rural population. 

The Value of Land.—According to the census returns of 1901 
the mean value of land in farms of five acres and upwards was, in 
Manitoba, $10.53 (£2 3s. 4d.) per acre, and in the North-West Terri- 
tories $5.48 (£1 2s. Td.) per acre. The report of the census of the 
Prairie Provinces in 1906 does not give any estimate of the value of 
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land. No general average price can, therefore, be given applicable to 
any year subsequent to 1901. The following statement is, however, 
useful from a comparative point of view :— 


Sales of Lands belonging to Canadian Pacific Railway, 1901 to 1908.! 


Year | Acres Sold Average Price per Acre 
fem pte oidabe zor | 399,808 $3.15 
1902 : é E : 1,362,852 3.26 
1903 : ; : . 2,639,617 ? 3.67 
1904 : : : . | 928,854 4.10 
1905 : 4 f : | 509,386 4.80 
1906 : : : ° | 1,115,743 5.84 
1907 é ; ’ ; | 994,840 ° 5.92 
1908 : ‘ ; ‘ 164,450 9.54 


The total of agricultural lands in the Prairie Provinces still in the 
hands of the Company is 8,777,825 acres. These statistics show an 
advance in price. of about 300 per cent. as between 1901 and 1908 ; they 
show also a sharp advance beginning in 1906, the price of 1908 being 
double that of 1905. As desirable homesteads are now obtainable from 
the Government gratuitously only at an increasing distance from the 
centres of population, further advance in the price of land from these 
relatively low prices must take place, provided the stream of immigration 
is maintained. 

For land outside of the railway land grants, or in favourable positions 
inside of them, prices considerably higher than the averages quoted 
are now being’paid. Land which in 1904 was being transferred at 
$10 to $15 per acre is now probably being transferred at from 
$15 to $20. 

The price of agricultural land in the North-West of Canada is still 
considerably lower than that of similar land in the Western States of 
the Union. 

In Manitoba and in Central Saskatchewan and Northern Alberta the 
loan companies may lend upon the security of land up to about one- 
half of the value placed upon the land by their inspectors, but in 
Southern Alberta it is not customary to lend more than $1,000 upon 
any quarter-section of 160 acres—that is, about $6 per acre; showing 
that the maximum value placed upon land in this region by the loan 
companies is $12 per acre. 

At the present time the amount due to the Canadian Pacific Railway 
in deferred payments upon agricultural land and town-site sales is 
$14,000,000. The amount due to other railways on this account in 
the North-West is about $11,000,000. The total due on deferred pay- 
ments is thus $25,000,000. 

The average price of land sold from all Government land grants— 
Hudson Bay and railway lands—was in 1893 $2.93, in 1895 $1.94, 


1 From the annual reports of the Canadian Pacific Railway Company. 

* Including large blocks of land sold to colonisation companies. 

* Including land sold under contracts made previously. The average price 
‘Yor lands actually sold within the year was $8.09 per acre. 
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in 1897 $3.39, in 1899 $3.28, in 1904 $4.39, in 1906 $6.01, and in 
1908 $8.78 per acre. 

Railway Development.—A general account of the earlier history of 
railway development in the North-West was given in my report of 
1904. Since that date a very large amount of construction has been 
effected and projects of new lines are constantly being brought forward. 
It should, however, be recognised that in Canada, owing to the advisa- 
bility of affording every encouragement to railway enterprise, the process 
of obtaining a railway charter is usually a very simple one. 

The promoters of a new railway are not required to specify in other 
than a very general way the direction of the proposed line. They are 
not required to lay before Parliament or a Parliamentary Committee 
accurate surveys of the route. This elasticity has many advantages ; 
but it has the disadvantage of rendering the railway companies some- 
what casual in their applications to Parliament for charters. The result 
is that many hundreds of railway charters have been granted which 
have not resulted in any construction. 

The following table exhibits the mileage of constructed lines in the 
Prairie Provinces in each year from 1905 till 1908: 


— | 1905 | 1906 | 1907 | 1908 | 
| rare J Saree | 
| Canadian Pacific Railway: lines in | Miles | Miles Miles | Miles 
the Prairie Provinces. .  . 3,854 | 4,097 | 4,276 | 4,376 
Grand Trunk Pacific Railway, under | | | 
construction, Winnipeg to Wolf Creek | —- | — ce) 916 


Canadian Northern Railway : | 
In operation : ; 3 a Sf). eS _ — |2,845). 
Under construction . | | — 621 } 
hae | 


Great Northern Railway 

A very significant although as yet minor figure in the above 
table is thes mileage of the Great Northern Railway. This railway 
system, whose main line crosses the great central plain parallel 
to and about seventy miles south of the international ‘boundary, 
has been during the past few years sending up feeding lines at 
short intervals from its main line northwards to the boundary. 
There are at present thirteen of these feeding lines on the southern 
boundaries of Manitoba and Saskatchewan. Three of these lines 
enter Canadian territory, two of them extending into it for between 
seventy and eighty miles. Two other lines connect with Canadian 
lines. The remaining eight lines have their termini at, or almost at, 
the frontier. It cannot be supposed that their progress will be per- 
manently arrested there. The President of the Great Northern; Mr. 
James J. Hill, is a Canadian. He was one of the first to recognise the 
_agricultural value of the North-West, and there can be no doubt about 
the nature of his designs in pushing feeding lines to his system up into 
the prairies. It is very clear that in the first place he intends to haul 
out wheat to the mills of Minneapolis and St. Paul. It is very clear 
also that he anticipates at no distant date the adoption of a policy of 
reciprocity by the United States and Canada, and the freer movement 
of manufactured goods across the line northwards. It would be idle te 


| 


1 Report of Department of Interior, 1908, Ottawa, 1909. 
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ignore that this ‘ invasion’ of Canadian territory by Mr. Hill may not 
only result in competition with the Canadian railway lines, but must 
necessarily bring the manufacturers of the Middle West into com- 
petition with the manufacturers ef Eastern Canada. The conditions 
in the United States are resulting in the westward development 
of manufactures, so that the western manufacturers in the United 
States would compete with the eastern manufacturers in Canada at 
great advantage, in respect to distance, in a market in the development 
of which Eastern Canada has incurred considerable sacrifices. 

Estimates.—In my report of 1904 I quoted, among other estimates, 
an estimate of the maximum productivity of the North-West of Canada, 
which had been made for the purposes of the report by two highly 
responsible and well-informed experts in North-West settlement and 
agriculture. This estimate (referred to in the report as Estimate No. 1) 
ascribed to the region a possible total area annually available for wheat 
cultivation of 13,750,000 acres, and a possible total yield from this area 
of 254,375,000 bushels. The authors, however, desire me to say 
that although the data available in 1904, and the conditions, so far as 
they could be foreseen at that time, did not justify a higher estimate, 
they now consider that, provided ‘ intense cultivation, coupled with 
summer fallowing,’ be applied consistently to the western portion of 
Southern Saskatchewan and to the whole of Southern Alberta, it would 
be possible to add to their original estimate of 13,750,000 acres annually 
available for wheat production an area of 3,500,000 acres. They think 
that this area might be calculated upon ultimately to produce, at 
18 bushels per acre, a quantity of 63,000,000 bushels. If this quantity 
be added to the quantity formerly estimated, the result will be 
317,375,000 bushels. This total quantity would be sufficient, in the | 
opinion of the authors, to provide ultimately 232,250,000 bushels 
available for export. But they do not say at what period this is at all 
likely to be realised. I did not assume any responsibility for the 
original estimate, nor do I do so for this amendment. 

The reasons why the anticipations of the more sanguine of the 
prophets of the North-West with regard to wheat production have not 
been realised may be generally ascribed to the fact that due attention 
was not paid to the number of factors which were necessary to produce 
the desired result. 

Apart from the variability of the seasons and the liability of the 
crop in any and every year to damage from deficiency or from excess 
of precipitation, from hailstorms and from insect pests, there is the 
inevitable influence of the prices of the various crops upon their pro- 
portional cultivation, and there is also to be taken into account the 
circumstance that an increase of the acreage under cultivation is not 
always accompanied by maintenance of the yield per acre. 

The principal factors to be taken into account in forming an 
estimate of the productivity of any country in the future may be 
classified as follows :— 

1. The increase of the rural population. 

2. The suitability of different portions of the area for cultivation 
of a particular character, and the appropriateness and purity of the 


seed, together with the degree of its acclimatisation when in a new 
habitat. 
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3. Personal aptitude on the part of the cultivators and their 
experience of methods of farming suitable for the soil in question. 

4. Prices of grain and fluctuations of demand. 

5. Facilities for transportation. 

6. Variations of meteorological conditions. 

7. Risk of damage from insect pests. 

Conclusion.—No one who examines the statistics of agricultural 
production in the North-West since 1883 can fail to be astonished at 
the truly marvellous progress which the country has made during the 
snort period of twenty-six years which has elapsed since then. In 
1883 the population was insignificant. One railway line had just been 
constructed—indeed, at that date it was not completed to the coast. 
Now in the three provinces there are three great lines of railway, with 
another forcing its way in from the United States. The population 
is upwards of a million, and agricultural productivity has been 
advancing by leaps and bounds. The country needs no fantastic 
exaggeration to draw attention either to its achievements or to its possi- 
bilities. What it needs at present is cool estimate of these and consoli- 
dation rather than excessive expansion. A vast amount of energy and 
much capital have been wasted in attempts to exploit regions which 
are and must for long remain distant from markets, while fertile soils 
easy of access have remained under cultivation of a highly primitive 
character. The immense natural resources of the rich soil of Manitoba 
and of portions of Saskatchewan and Alberta are not even yet being 
fully exploited. Very considerable improvements in agricultural 
methods must yet take place if these resources are to be fully utilised. 


The Development of Wheat Culture in North America. 
By Professor ALBERT PERRY BRIGHAM. 


[Ordered by the General Committee to be printed in extenso.] 


In the year 1602, on one of the Elizabeth Islands, off the present coast 
of Massachusetts, Bartholomew Gosnold made trial plantings of wheat 
and other grains. The Spaniards had earlier brought wheat to Mexico, 
but this was probably the first wheat sown within the boundaries of the 
United States. Nearly twenty years later wheat was sown at Plymouth, 
without success the first season, but with returns afterward. The grain 
extended itself among the New England colonies, and about 1700 there 
are records of shipments, as from Norwalk to Boston and Boston to 
Virginia. As the eighteenth century progressed, however, wheat 
declined, except as sown on fresh clearings, and was brought in from 
New York and the Southern colonies. That wheat was already moving 
westward is shown by the fact that New England traders bought New 
York wheat, ground it in their own mills, and sold it in the West Indies. 
To revive wheat culture Massachusetts laid a duty on the product to be 
paid as a bounty to farmers, but Weeden tersely says that ‘ the duty 
could not counteract climate and soil nor feed the fishermen.’ 

There is early record of wheat in Virginia, for in 1607 the Council 
informed the Council in England that they had fortified themselves 
against Indians, and had ‘ sown good store of wheat.’ The first sowings 


THE DEVELOPMENT OF WHEAT CULTURE IN NORTH AMERICA. 231 


of English seed at Jamestown seem not to have been very successful. 
By 1800 wheat was raised along the entire Atlantic border except the 
southern parts of the coastal plain, but the Middle States from New York 
to Virginia assumed pre-eminence and held the centre of wheat for more 
than a generation. Meantime in 1769 missionaries carried the grain to 
California. ‘There was important export to the West Indies in the early 
years of the Federal Government, until Great Britain shut out the ships 
of the United States from this trade. In 1787 wheat was among 
American exports to Mauritius. But it was long before the United 
States assumed a commanding position as a purveyor of bread, for in 
the decade 1830-40 she imported several million bushels of wheat to 
feed her own population. 

In the later years of the eighteenth and the first decades of the nine- 
teenth century western New York, or the Genesee country, proved its 
suitability in soil and climate for the growing of winter wheat. On the 
completion of the Erie Canal in 1825 the industry was favoured by 
suitable prices, the region was the famous wheat centre of the country, 
and Rochester was relatively as important for primary market facilities 
and milling as Minneapolis is to-day. The primacy of western New 
York was held until wheat began strongly to occupy the States north of 
the Ohio River. 

Before tracing the westward march of the wheat centre it will be 
useful to survey the expansion of acreage and production during recent 
decades, or since 1866. It is this period of progress which has more 
than historical interest, since it has to do with any forecast of the future. 
From 1866 to 1875 the acreage in the United States varied between 
15 to 26 millions, and there was a consistent rise from the beginning 
to the end of the decade. In the following ten years, to 1885, the range 
was from 26 to 39 million acres, giving on the whole a steady increase, 
but showing only 34 million acres in 1885. The period 1886-1895 ranged 
from 34 to 39 million, with smaller acreage in the later years. From 
1896 to 1905 the minimum was 34 and the maximum 49 million, but 
from 1898 to the present time the limits have been 42 and 49 million 
acres. The highest figure—49 million acres—has been reached twice, 
in 1901 and 1903, and the significant element in the figures is the high 
average of the last dozen years. 

Turning to production, the total for 1866 in the United States was 
151 million bushels. In the next year, 1867, production passed the 
200 million mark permanently. Another milestone was passed in 1874 
with 308 millions. In 1878 the crop was 420 millions, and in 1882 
504 millions. There were fluctuations in the following years, for produc- 
tion from 18838 to 1890 only once reached the 500 million mark, but 
1891 made a showing of 611 millions, and 1898 brought 675 million 
bushels. The average from 1898 to 1908 has been 643 million bushels, 
and the maximum was, in 1901, 748 million bushels. 

If single States be considered, some curious fluctuations are 
observable. Thus Kansas has never attained even fourth place in a 
census year, yet holds the State record with her crop of 99 million 
bushels in 1901. She has at least four times passed Minnesota’s record 
of 80 million bushels. Minnesota dropped from 68 millions in 1899 
to 51 millions in 1900, and leaped to 80 millions in 1901. North Dakota 
in the same years went from 51 to 18 and back to 59 millions. Kansas 
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in those years made a steady gain from 36 to 82 and 99 millions. 
Production is so widely distributed, however, that the general total for 
the country is much more stable. 

For an orderly review of the movement of wheat from east to west 
in the United States four regions may be distinguished as follows: 
(1) the middle Atlantic States from New York to Virginia, including 
especially Pennsylvania and Maryland; (2) the five States of the “ Old 
North-West,’ lying between the Ohio River and the Great Lakes; 
(3) seven States west of the Mississippi River, including Missouri and 
Kansas on the south and Minnesota and North Dakota on the north, 
the wheat belt reaching to the arid parts of the Great Plains; (4) the 
Cordilleran region, extending to the Pacific Coast. 

The first of these regions was the North American centre of wheat 
from the first full establishment of the crop in the colonies until the 
Erie Canal and other means of communication opened to the east the 
possibilities of the Old North-West. The crops of New York for seven 
census years are as follows (the crop of 1908 is also included) : 


1839 sais “ce wae iva 12,286,418 bushels 
1849 ise “Ae aan w» 13,121,498 3 
1859 ate nee ree ee 8,681,105 Ae 
1869 aie sas 368 nes 9,750,000 i» 
1879 62 ee i ..- 10,746,000 4 
1889 ew wy ise des 8,929,000 si 
1899 ois Po sale sate 7,005,765 ‘i 
1908 eae ae ae “as 7,752,000 5 


The crop of 1905 rose above 10,000,000 bushels. Pennsylvania has 
had a fairly steady rise from 13,000,000 bushels in 1839 to 24,000,000 
in 1899, and her crop for 1908 was 29,000,000, ranking this State among 
great producers, a fact not often recognised. Maryland has almost 
trebled since 1869, and has been above the ten-million mark since 1897, 
producing nearly 15,000,000 bushels in 1907. Virginia fluctuates, 
usually producing from six to ten million bushels. Even West 
Virginia, North Carolina, and Georgia show fairly steady records of 
several million bushels each. Taking those States which border the 
Atlantic, not including the Gulf, the total production of wheat in 1906 
was 76 million bushels. In production per square mile Maryland held 
third place in the census of 1900 and in that of 1890, and her crop 
per capita in 1907 was more than 11 bushels. New York’s production 
averages about one bushel per capita, and Pennsylvania’s rate. in her 
best years is about four bushels. 

These figures concerning the sustained yield of many States on the 
eastern border have been given to show that the decline in wheat culture 
in this region is largely relative rather than absolute, a fact with which 
common impressions are at variance. It is true that as a whole the needs 
of the local population are not met, and that here is a large market for 
western wheat, but it is not true that the soils are exhausted, or that 
the Atlantic belt of States fails, or will ever fail, to make a substantial 
contribution to the bread supply of the nation. New England’s contri- 
bution was never of great significance, but it is of interest to note 
that in recent years Maine and Vermont are the only States in that 
group which make a report of this cereal. 

Before passing to the remaining major regions, it will be of interest 
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to show in the following table the rank of leading States in census years 


since 1839: 
Rank of Leading States from the Sixth to the Twelfth Census. 
Year First Second Third Momriia. (ogee oor 
Bushels 
1839 | Ohio Pennsylvania | New York | Wyoming 16,000,000 
1849 | Pennsylvania | Ohio New York Virginia 15,000,000 
1859 Illinois Indiana Wisconsin Ohio 23,000,000 
1869 Illinois Iowa Ohio Indiana | 30,000,000 
1879 Illinois | Indiana Ohio California | 44,000,000 
1889 | Minnesota | California Dakota Indiana 45,000,000 
1899 Minnesota N. Dakota | 8. Dakota | Ohio | 68,000,000 | 


The swift progress of wheat westward is well shown in the fact 
that Illinois, which is not named in 1849, takes first place in 1859. 
In the same sudden manner Iowa springs to second place in 1869, and 
Minnesota to first rank in 1889. It will be remarked that Ohio 
persistently keeps its place within the group of four for every census 
except one, and that is not the last one. In the same connection it 
should be observed that a State lying farther west, Illinois, after holding 
the primacy three times, passes at once out of the leading group. It 
has already been stated that banner State yields seem to avoid census 
years, for Illinois has a record of 60,000,000 bushels in 1880; 
Minnesota has risen to 78, 79, and 80 millions; North Dakota to 75 
and 77 millions; and Kansas leads all, producing, in 1901, 99,079,304 
bushels. 

In 1839, while New York and Pennsylvania stood at 12 and 13 
millions, Ohio had come to the front with 16 million bushels, and the 
great record of the second region was well begun. In forty-one years, 
from 1866 to 1906, Ohio produced 1,247,082,674 bushels—an average 
of 30,416,650 bushels. In the twenty-year period 1867-1886 the total 
falls more than 100 millions short of the total for the following equal 
period, 1887-1906. ‘This is a most significant showing; and it should 
be added that, among all States, Ohio in the twelfth census, erop 
of 1899, stood first in product per square mile. Thus still further 
emphasis appears as to the importance of wheat grown east of the 
Mississippi River. Ohio has eight times exceeded 40,000,000 bushels. 

The facts for Indiana are of similar magnitude. In 1860 she was 
second in production per square mile; she was first in 1870, 1880, and 
1890, and fourth in 1900. Her total for forty-one years, 1866 to 
1906, fell little short of that of Ohio, and she raised nearly 100,000,000 
more in the second twenty-year period than the first. Like Ohio, 
Indiana exceeded 40,000,000 eight times in the period named, and 
raised more than 45,000,000 in 1908. Illinois has a total for forty-one 
years just under that of Indiana, being 1,160,352,208—an average of 
28,301,273 bushels. In this State a balance of about 100,000,000 
bushels is in favour of the first twenty-year period. While Ohio and 
Indiana contain only minor areas of prairie, Illinois is a typical prairie 
State, and goes heavily into the production of maize, in which it more 
than equals the combined crops of Indiana and Ohio. 
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Michigan and Wisconsin, the Lake States of this group, make a 
lesser showing in wheat, Michigan having produced in forty-one years 
two-thirds as much as any one of the three Ohio River States. The 
second twenty-year period shows a moderate décline over the first. In 
1908, however, Michigan raised nearly 16,000,000 bushels—a product 
of no mean order. Her maximum of 34,000,000 in 1898 suggests 
what her possibilities are. Wisconsin has a different record, having 
often produced over 20,000,000 until 1884, and since 1892 has but 
three times reached 10,000,000. In 1908 she dropped to 3,328,000 
bushels. This does not mean that this great State is unsuited to wheat. 
The crop suffered decadence through soil exhaustion, insect enemies, 
and the vast growth of dairying; but, with intelligent methods, there 
seems to be no reason why Wisconsin may not again stand well up in 
the wheat column. Mr. R. A. Moore, Agronomist of the College of 
Agriculture at the University of Wisconsin, expresses the opinion ! 
that ‘the pendulum will swing back to quite an extent.’ He thinks 
the land of Wisconsin too rich for oat-raising, and that with rota- 
tion and other modern methods wheat can again be raised without 
impoverishing the soil. Before leaving the second group of States it 
will be of interest to note that of the entire crop of 1906, in the United 
States, of 735,000,000 bushels, 250,000,000 were grown east of the 
Mississippi River. This amounts to about 34 per cent., or slightly 
above one-third of the total. The third group of States forms the well- 
known present centre of wheat in the United States, and the figures 
need not be given in detail for individual States. Minnesota produced 
10,000,000 bushels in 1867, and has steadily risen until, since 1895, 
her crop has never been less than 46,000,000 bushels, and has ranged 
up to 80,000,000. Iowa, as a prairie State, most resembles Illinois, 
but her wheat has seen larger decline. Thirty years ago the crop 
often passed 30,000,000 bushels, but in recent years runs from 8 to 
14 millions. The reason is doubtless to be found in the expansion 
of maize and live-stock industries. Her average for forty-one years, 
1866-1906, was 21,432,000 bushels. Missouri holds a strong average 
production in recent years of 20 to 30 million bushels, the maximum 
being 56,000,000 in 1902. 

Kansas, Nebraska, and the two Dakotas may be called the Missouri 
River wheat States, and represent the newest and greatest development 
of wheat within the territory of the Republic. In 1862 Dakota Terri- 
tory (before division) reported 11,000,000 bushels. This was but 
twenty-seven years before the present writing. Since 1897 the crop 
of North Dakota alone has but once fallen below 51,000,000 bushels, 
and rose in 1905 and 1906 to 75 and 77 millions. Nebraska’s product 
is usually above 40,000,000 bushels. The total of the three leading 
wheat States of the present time is as follows for the ten years 1897 
to 1906: 


Minnesota ie oe Seid 685,129,558 bushels 
North Dakota ... ro ads 533,777,567 cs 
Kansas ... 286 &e — 687,901,805 


Total... =»  1,906,808,930 ES 


! Letter of March 16, 1909, 
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Kansas has a slight lead over Minnesota. She has had several greater 
crops than her rival, but is subject to greater fluctuation. The average 
annual total for these three States, 1897-1906, was 190,000,000 bushels. 
The States of Oklahoma and Texas represent an extension of this belt 
along the more southern parts of the prairies and Great Plains. 
Oklahoma has a record in 1894 of two million bushels, with a fluctuating 
rise to 18 and 15 millions in 1906 and 1908. ‘The crop is, of course, 
of longer standing in Texas, with report of nearly two million bushels 
in 1866 to a recent average of about 12 millions. It is an important fact 
that this belt, with its wide range of latitude, divides itself into a spring 
wheat region embracing the five States of Iowa, Nebraska, Minnesota, 
and the Dakotas, and a winter wheat section to the southward. In like 
manner Wisconsin and Washington, in the second and fourth of our 
major regions, raise spring wheat. 

The Cordilleran region offers an older development of wheat in the 
three Pacific States, and a more recent progress in the intervening 
regions of the Rocky Mountain plateaux and Great Basin. This is in 
harmony with the extraordinary leap of the frontier a half-century ago, 
followed by the gradual occupation of intervening territory. 

California reported 21,000,000 bushels so long ago as 1868. Her 
maximum crop of 45,000,000 bushels belongs to the year 1896. A com- 
parison of two twenty-year periods, 1868-1887 and 1888-1907, shows 
but slight decline ; but if two ten-year periods, 1888-1897 and 1898-1907, 
be taken, there is an important falling-off, due perhaps to the immense 
advance of horticulture and the progress of irrigation. California in 
39 years produced 1,149,000,000 bushels of wheat. Oregon has had 
a somewhat uniform range of 10 to 16 million bushels since 1880, 
rising. to 24,000,000 in 1898. Not quite 11 million bushels were pro- 
duced in 1908. Washington, on the other hand, has seen conspicuous 
progress, and since 1897 has ranged between 20 and 34 million bushels. 
The greatest thousand-acre yield ever reported is ascribed to Eastern 
Washington in 1881—viz., 51,000 bushels. 

Outside of the coast States there are no large producers in the 
Cordilleran region. Idaho, Colorado, Utah, and Montana each grow 
several million bushels per annum, but in a general survey their chief 
interest has to do with their future possibilities under irrigation. The 
Cordilleran total for 1906 was 94,111,584 bushels. This is 18,000,000 
bushels more than was grown in the Atlantic coast States in the same 
year, but the western area is several times greater. 

The following table, from the twelfth census, gives the successive 
positions of the wheat centre of the United States for the half-century 
1850-1900 : 

Wheat ages U.S., 1850-1900. slag acy a 


Census Year | N. Latitude w. Hongitadls Approximate Location by important Towns 
1900 41° 39’ 94° 59! 70 miles W. of Des once, Iowa. 
1890 ogee | G80 OF 138 ,, S. by E. of Des Moines(in Mo.). 
1880 40° 36’ | 90° 30’ 69 ,, N.W. of Springfield, Illinois. 
1870 40° 39 88° 48’ 82 ,, N.K. of % 

1860 39° 59’ 86° 1’ 18 ,, N.E. of Indianapolis, Ind. 
1850 40° 14’ 81° 58’ 57 ~,, E.N.E. of Colngbns, Ohio. 


ASE Sal 


! Rep. Bureau of Statistics, Washington, 1903, p. 69. 
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An examination of this movement brings out some interesting facts. 
The amount of westward migration in fifty years was 680 miles. ‘The 
northward movement was about 99 miles. The latitude yariation was 
marked by slight fluctuations for 40 years, and then in a single decade 
wheat moved more than 2° northward, owing to rapid increase in the 
North-West. The greatest westward movement was in the first decade, 
1850-1860, amounting to more than 200 miles. The westward move- 
ment in the ten years 1890-1900 was a little less than 100 miles. 

At the last census the centre of population was in south central 
Indiana; the centre of manufacture was in central Ohio; of corn in 
western Illinois between Springfield and St. Louis; of all cereals, on 
the Mississippi River near Keokuk, Iowa; and the centre of wheat was 
in western Iowa. In 1850 the corn and wheat centres were near each 
other in Ohio. Wheat has outrun all the other great interests in its 
westward march. 

The present position of the centre of wheat raises a most interesting 
inquiry. The latest data are for 1908, and returns from a few minor 
States are not before the writer. For exact determination detailed figures 
for counties are used by the Census Bureau. But taking the State 
totals, it appears that 320,000,000 bushels, approximately, were raised 
in the States east of the Mississippi, plus the tier of States bordering 
the west bank of that river. This is a little less than half the crop, and 
would seem to carry the centre for 1908 out of Lowa and across the 
Missouri River. Considering latitude movement, it must be noted that 
California has fallen off, but this is partly offset by a decreased crop also 
in Oregon. The crops, however, of Kansas, Missouri, Illinois, and 
Indiana, which are mostly south of the centre of 1899, were much 
greater in relation to the total in 1908 than in 1899. It would seem 
clear, therefore, that for 1908 the centre has returned southward, and 
might probably be found in south-eastern Nebraska. 

Passing to the inquiry as to the centre of wheat in North America, 
it is to be observed that the Canadian crop of 1908+ was 112,434,000 
bushels. 

To take this into account would move the centre as determined for 
the United States northward across a belt sufficient to raise half the 
Canadian product, or 56,000,000 bushels. Assuming the centre for 
the States as in south-eastern Nebraska in 1908, this belt would cross 
southern Iowa and the northern part of Illinois, Indiana, Ohio, and 
Pennsylvania. As these States are heavy growers, the belt would be 
narrow, and the centre for North America would not go higher in 
latitude than that for the States in 1899. 

The greater part of Canadian wheat, about 92 out of 112 million 
bushels in 1908, is raised in the western provinces, and therefore 
westward of the centre for the States. Making allowance in a similar 
manner, the longitude centre for North America would be found by 
passing westward across a section of the Dakotas, Nebraska, Kansas, 
and Oklahoma, and would probably lie in Nebraska, 100 miles or 
less westward from Omaha. This is more than 500 miles from the 
Canadian border, and the Dominion’s production must vastly increase 
before the 49th parallel will be approached. 

The importance of the new development in the north is not, how- 


1 Census and Statistics Monthly, Ottawa, December 1908. 
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ever, thus measured. It is easy to conceive of a time in no distant 
future when the United States might raise 800,000,000 bushels and 
consume 700,000,000, while Canada might at the same time raise 
400,000,000 and consume 100,000,000 bushels. It is easy to see that 
the northern country would even then hold a threefold more important 
place in the public markets. of the world than her neighbour, even 
while the North American centre of production remained at some 
distance south of the international boundary. 

The movement of wheat growing has been from east to west, and 
will now be from south to north. This is largely the movement of 
history, and follows the migration of the frontier in our continent. 
The direction has thus had an historical origin, and both the direction 
and the rate of movement have been conditioned by the development 
of transportation. The more special and local reasons for the shifting 
of wheat lend themselves to inquiry, and have perhaps been nowhere 
else so well discussed as by. Mr. C. W. Thompson.? The subject 
of study is the shifting of wheat culture in Minnesota. This cereal 
has: gone from south-east to north-west in that State. Olmstead 
County, in the south-east, is as fertile and as capable of large crops 
of wheat as the best Red River lands, and is as good now as it was in 
1870. The one region is as favourable in soil and climate and as suited 
for the use of machinery as the other. But as population increases 
and land grows in value more must be allowed for rental, or interest 
on investment, and intensive, diversified farming replaces the more 
extensive wheat farming. The bonanza wheat farms tend to break up 
as the population grows, for with skinning processes and much hired 
help in one part of the year, and, it may well be added, with no stock 
or rotation of crops, there is no way to enrich the land, cultivate 
thoroughly, and thus increase the product of an acre. The acre must 
be put to crops and tillage that will enable it to bear its greater burden, 
and wheat must go elsewhere. Moreover, the best returns accrue where 
one man, the owner, and one set of farm machinery do most of the work. 
Such farms contain 160 to 170 acres of land. Hence not only does 
diversified farming drive out wheat in some measure, but the smaller 
wheat farm drives out the great bonanza farm with its thousands of 
acres, its enormous machines, and its small army of labourers. 

It is therefore an error to think that wheat must pass or be in 
jeopardy with the elimination of the frontier. This has already been 
seen in the sustained wheat growth of the old North-West. In the 
census year 1899 more wheat was raised on farms of 100 to 175 acres 
than on those of any other specified size. Less than one-eleventh of the 
country’s wheat grew on farms exceeding 1,000 acres. Almost one-fifth 
was raised on farms of less than 100 acres. Taking the whole country, 
the yield per acre on the smaller farms was slightly greater than the 
yield on the large farms, notwithstanding the fact that the latter were 
chiefly areas of virgin soil. Thus, while wheat has figured largely as 
a pioneer crop, to be grown on free or cheap land, these conditions are 
not so important as is supposed, and an old, highly cultivated country 
like France, raising nearly all its own wheat, offers the best of object 
Jessons. Dondlinger,? while holding that much land will become too 


* Quart. Jour. of Econ., vol. xviii, 1904, p. 570. 
* The Bogk of Wheat, p. 303, 4 


938 REPORTS ON THE STATE OF SCIENCE. 


valuable for wheat, thinks that lands now idle will be brought to its 
production, and even anticipates that the centre of wheat growing may 
reverse its historic direction of movement and return eastward. 

In 1904 Dr. William Saunders reported that Fort Simpson, on the 
Mackenzie River, was the most northerly point from which samples of 
wheat had been received. This is about 62° N. lat. Dondlinger’ is 
authority for the statement that spring wheat has been matured at . 
Rampart and Dawson, still nearer the Arctic Circle. It is fair to say, © 
however, that the latitude range of wheat in North America is from 
30°, latitude of New Orleans, to 60°, latitude of the northern boundary 
of Saskatchewan and Alberta, a belt of 30°. The areas of large and 
assured production may, however, always remain between 35° and 
55°, with more chance for northern than southern expansion. In 
RKurasia wheat reaches to Trondhjem (634°) and northern Russia, to a 
point in India below the Tropic of Cancer (to 219). This greater 
range of 40° is due to the cooling effects of the altitude of the high 
slopes and plateaux of northern India. By including the product of 
Mexico and the Central American States, though small, the North 
American range may also be greatly extended. Thus from Nicaragua 
to the Mackenzie River wheat reaches across 50° of latitude. 

Wheat is so important that every effort will be made to widen its 
areal and its latitude range. This will be accomplished in part by 
irrigation. In the last census year, 1899, 99 per cent. of Arizona 
wheat was irrigated. This territory is a small producer, but Colorado 
and Utah, much larger growers, watered 84 and 574 per cent. 
respectively of their wheat lands. The three States of the Pacific coast, 
which are larger producers, irrigate but a small part of their wheat. 
In the year named all the Cordilleran States, with Nebraska added, 
irrigated 14°1 per cent. of their wheat fields, and raised on this area 
17°7 per cent. of their crop. This shows that the yield can be enlarged, 
where wheat is already grown, by dry farming, as well as by bringing 
new lands under the ditch. The cost of irrigation works, however, 
may make extensive wheat growing impracticable, because other crops 
permit more intensive farming and offer larger returns. Our conclusion 
miust be that only a moderate expansion of American wheat will be due 
to irrigation. 

Agricultural enterprise and the importation of varieties may be 
expected to show, and indeed are now showing, much greater results. 
Some time ago the Department of Agriculture brought from the Crimea 
and naturalised in Kansas a red winter wheat which is described as high 
in hardness, yield, milling value, and resistance to disease. Various 
other Russian sorts have served to push the wheat areas westward into 
the vast semi-arid regions where water is too limited for extensive irriga- 
tion, and which, therefore, must be given over to pasturage unless the 
crops can be adjusted to small rainfall. These varieties belong to the 
durum, or so-called macaroni wheats, and are commonly raised not only 
in Russia, but Turkestan, Algeria, and other parts of the world where 
the climate is dry and hot. 

A climatic comparison of the Great Plains, which cannot grow the 
usual varieties beyond the one-hundredth meridian, shows that the 
American semi-arid belt has three inches more rainfall than the great 


1 The Book of Wheat, p. 5. 
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home of macaroni wheat on the plains of the Volga.! The author to 
whom reference is here made also characterises the soils of the Plains 
as a counterpart of the ‘ black earth ’ of Russia. The first introduction 
of Russian durum was made in the United States in 1864, and experi- 
mental proof of its value has become conclusive and final. The area 
suited to its growth extends in a wide north and south belt through 
the Dakotas, Kansas, Colorado, Oklahoma, and Texas. In 1906 the 
production of durum wheat in the United States had risen to 
50,000,000 bushels, with a growing export demand in Southern Europe, 
as its qualities are known, and a larger domestic use accompanying 
development in milling methods and the enlarging of the macaroni 
industry. 

Both yield and areal expansion have been assiduously promoted in 
North America by skilful selection and cross-breeding. Professor W. M. 
Hayes estimates that farmers have increased the yield of maize 20 per 
cent. by selecting the best ears, and they have also pushed the corn belt 
northward.” According to the same writer, the past century saw the 
sugar content of the sugar beet doubled through selection by European 
seed-growers. Other important results from plant-breeding and selection 
are familiar, and it has been shown by ample experience that no vegetable 
product is more plastic than wheat. Different conditions in the United 
States have modified wheats in colour, hardness, moisture, gluten, and 
albumenoids, and have changed winter to spring and spring to winter 
wheats. According to Hayes, a single variety known as Minnesota 
No. 169, -bred at the experiment stations, has raised the yield in that 
State no less than 5-10 per cent. 

Among the most persistent and successful efforts in breeding new 
varieties are those carried out under the direction of Dr. William 
Saunders at the Central Experimental Farm, Ottawa, and at the other 
experiment stations of the Dominion. This work has peculiar interest, 
because one of its chief aims is to breed wheat suited to northern condi- 
tions. Where vast areas are suited to wheat in surface, soil, and 
potential transportation, it is of the utmost importance to secure early 
ripening and conformity to the shortness of the summer season. At the 
same time high quality must be preserved, since the chief present value 
of the crop is for the purposes of export. 

The most important of these new varieties are the Preston, Stanley, 
Huron, and Percy.* Preston is named by Dr. Saunders as the best- 
known of the early wheats, and the four named were all originated at 
Ottawa in 1888 by crossing Red or White Fife with Ladoga. As com- 
pared with the old and standard Red Fife, these varieties all ripen four 
to twelve days earlier. Their yield, colour of flour, baking strength, 
and market value are all high, and the early ripening therefore extends 
the wheat belt northward to a significant degree. The parent Fife holds 
its place where early frosts are not feared; but the new breeds are 
invaluable in latitudes where a single early frost puts in jeopardy the 
labours of an entire year. We need not suppose that the process of 
adjustment to northern conditions has yet reached its limit. 

* Macaroni Wheats, M. A. Carleton, Bull. No. 3, Burean of Plant Industry, 
U.8. Department of Agriculture. 

* Year Book, U.S. of Agriculture, 1901, p. 218. 


* Preston and other Harly-ripening Wheats, C. E. Saunders, Cerealist. Bull. 
of Central Experimental Farm, March, 1908. 
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The lunits of this paper allow little more than mere mention of the 
profound effects on American wheat culture of conditions of production, 
manufacture, and transportation. The vast interior plain of North 
America, ranging from warm to cold-temperate as one passes from 
the Lower Mississippi to the Upper Mackenzie, has provided not only 
an unlimited expanse of soil, but offers a surface on which the modern 
machinery of production and transportation can operate. The plains of 
Russia and Argentina fall into natural comparison, but here the inventive 
genius and enterprise of the North American step in and give present 
suplemacy, and, so far as we can see, this advantage will project itself 
over many years of the future. 

We may, indeed, consider transportation as important as production, 
for otherwise wheat has little value to grower or consumer. Genesee 
wheat was little more than the bread of a few pioneers before the digging 
of the Erie Canal. To send a barrel of flour from western New York 
to Philadelphia cost $1.25. Grain and flour in general could not bear 
the cost of transportation for more than 150 miles. In 1825, 50 cents per 
bushel was considered a large price on the Ohio River; and indeed, after 
a haut of several days to the river, the farmer commonly got 25 to 
30 cents, and that in trade.? In that year wheat brought 25 cents in 
Illinois, 80 cents in Petersburg, Virginia, and flour $6 per barrel in 
Charleston, South Carolina. Similar differences prevailed in France, 
for in 1847 the average difference of the price per hectolitre in different 
parts of that country was 26 francs. Since 1870 the difference has 
averaged 3.55 francs.* Similarly prices have become equalised among 
nations as well as sections, and there is now a world market for wheat 
which, according to the experts in economics, cannot be widely or for 
long disturbed by speculation. The world’s crop is becoming available 
for the world’s hunger, and in this transformation the Transatlantic 
highway and the American railway and waterway have borne the largest 
part. The same author says: ‘ In respect to no other one article has 
change in the conditions of production and distribution been productive 
of such momentous consequences as in the case of wheat.’ 

It was the building of railroads and the development of lake naviga- 
tion that enabled the States of the old North-West to replace the 
Atlantic States as the grain centre, and in turn gave the new North- 
West its present supremacy. And now history repeats itself in the 
Canadian North-West, in the multiplication of trunk lines and spurs 
and in the extension of through lines of transportation from Europe to 
the St. Lawrence, from the St. Lawrence to the Pacific, and from 
Vancouver and Prince Rupert to the Orient. The grain elevator also 
has extended its useful sway from Buffalo, Chicago, Minneapolis, and 
Duluth to Winnipeg, Prince Albert, and Kdmonton. The develop- 
ment of Pacific steamship lines, the opening of the Mississippi, a canal 
from Lake Huron to tidewater, and the possible utilisation of the 
Hudson Bay route are all further steps in making North America the 
central bread-grower of the world. 

The future of the United States in the universal wheat market: is 
of peculiar interest both to her own citizens and to those of Canada. 


McMaster, Fistory of the United States, ili. p. 463. 
2 J. Turner in American Nation, vol. xiv. 105-106. 
*Rand’s Leonomic History since 1763, p. 315. 
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This depends on two factors—possible production and the possible 
population. As to both of these factors and the resulting future in 
export trade, opinions differ greatly. So acute an observer of our affairs 
as M. Leroy-Beaulieu,' reterring to the fact that for some years 
increase in wheat exports has not been more rapid than growth of 
population, believes this will continue to hold true. He grants that 
export wheat is likely to remain at its present high level for some time 
to come, but little increase is probable, the predominance of agricul- 
tural exports will pass and manufactured products will take their 
place. 

Mr. James J. Hill is yet more emphatic,? holding that ‘ we are 
approaching the point where our wheat product will be needed for our 
own uses, and we shall cease to be an exporter of grain. There is still 
some room in Canada, but it will soon be filled.’ That there is some 
inconsistency in Mr. Hill’s utterance appears in the view expressed 1n 
the preceding paragraph of his address, that only one-half of our farm 
areas is improved, and that this half might be made, by ordinary care 
and intelligence, to double its production. 

Similar views are set forth by Mr. J. C. Williams,* who, referring 
to a falling-off in production and the increase of home use, thinks it 
“quite possible’ that the United States will become a permanent 
importer of wheat under normal conditions. To these opinions may 
be added that of Dondlinger:+ ‘ With the increase of population and 
local consumption, the internal and export movement of wheat will 
greatly decrease, and American wheat will be a factor of declining 
importance in the international grain trade.’ By American this author 
no doubt means the product of the United States. He holds that 
diversification and rise of land values will decrease wheat acreage in 
the west, though this loss may be in a measure offset by the adoption 
of new areas in the east and south. 

In addition to these recent views it is not out of place to observe 
that other and earlier prophecies now read curiously in the light of 
history. Edgar * quotes the conviction of John H. Klippart, writing 
in Ohio in 1859, that the limits of the wheat area in the United States 
had been reached, and that, without increase of yield, the surplus 
would ‘ by the next census be measured by the algebraic quantity of 
minus.’ So late as 1884 a high foreign authority expressed the 
opinion that the wheat trade in America had reached its limit, because 
of the exhaustion of the soil and the prohibitive cost of freight from 
remote districts. These forecasts may well have less real basis than 
those of recent years, but they at least hint at-the pitfalls of prophecy 
and admonish us that human wisdom rarely covers all the unknown 
factors of a hard problem. 

It will be prudent, therefore, to discuss the first of the two great 
factors in a wholly general manner. Can the United States largely 
increase its crop of wheat? Another wheat expert, Mr. HE. C. Parker, 
writing in the ‘ Century Magazine’ in September 1908, less than one 


The United States in the Twentieth Century. 

Conference of Governors 1908, Proceedings, p. 72. 

Science, N.S., xxi. 1905, p. 458. 

The Book of Wheat, p. 305. 

The Story of a Grain of Wheat, p. 87. 
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year ago, thinks the home demand will soon stop exporting in any 
quantity. At the same time he exhibits a strong array of means for 
strengthening the industry, and considers it ‘ hard to imagine a wheat 
famine in the immediate future.’ Indeed, to fear for the wheat supply 
of many generations to come is pessimistic. According to Mr. Parker, 
we shall have bread enough, but not to spare. 

Some means of increasing the product have been considered. It 
may be admitted that increase by irrigation for export uses is more than 
doubtful, but it may also be claimed that watered lands will largely 
care for the bread of the increasing Cordilleran population. If agricul- 
tural exploration has given us a crop of 50,000,000 bushels of durum 
wheats, the extent of available semi-arid lands suggests the probability 
of a large increase on demand. The production of early wheats will 
increase the Canadian crop more than that of its neighbour, but may 
aid in naturalising the grain at higher altitudes in the west. There is 
an unknown amount of land east of the Mississippi to be rendered fit 
for cereals by drainage, for, as compared with Europe, we of North 
America know nothing about utilising waste lands. 

It is wise, therefore, to accept the dictum of a recent writer} that 
‘the future growth of cereal production will depend more upon im- 
proved methods of agriculture than upon the addition of new lands.’ 
Anyone with faith in the new American agriculture must, it seems to 
the writer, have large faith here. A table of comparative yields per 
acre is not a pleasant sight to a citizen of the United States. The 
record of a few leading countries is appended. It gives the average, 
1899 to 1904 :— 


United Kingdom sen), Oat Hungary as san, eat O 
Germany ay ee eel! United States... eo: I, 
France... 50¢ sv. 6208 European Russia 6 ah 


The yield for Canada in 1904 was 16°8 bushels. In 1908 Canada’s 
yield of spring wheat (the bulk of her crop) was 16°03 bushels, and of 
winter wheat 24°40 bushels. It should be added that in the United 
States the yield for 1904 was 14°5 bushels. For 1908 the yield was 
slightly under 14 bushels. Reasonable confidence in the soil and 
future tillage south of the forty-ninth parallel offer hope of large 
increase in the coming generation. Sixty years ago France was pro- 
ducing less than 15 bushels per acre. A duty on imports practically 
prohibitive has forced the adoption of thorough tillage and made it 
necessary for the French farmer to fertilise, and use every other 
expedient for winning the largest result from his small fields. It may 
be said that labour conditions are very different, but the fact remains 
that these anciently tilled fields have been made to grow a vastly larger 
crop than they raised seventy-five years ago. It is significant that 
the farms of the United States average 150 acres, while the French 
farms average twenty acres. Leroy-Beaulieu refers to our small 
outlay for labour as evidence that we have little intensive cultivation. 
The writer of this paper has elsewhere shown? that east of the arid 
region we had, at the last census, but one agricultural worker for each 


‘E. L. Bogart, Heonomic History of the United States, p. 205. 
** Distribution of Population in the United States,’ Geog. Jour., October 
1903,.p. 383. 
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91:4 acres. Such facts are eloquent of our future possibilities, not only 
in wheat, but in every product of the soil. What is true of the United 
States is more true of Canada, with its ample soils and sparse popu- 
lation. 

A South Carolina writer‘! asserts that tillage has in some cases 
made an increase per acre of more than eight bushels. Professor 
Harry Snyder, of the University of Minnesota, asserts that the ‘ yield 
per acre of wheat in the United States is much less than the soils are 
capable of producing.’ ? 

Mr. W. C. Ford, referring to the increased yields of France,* utters 
a general principle which should be the inspiration of every North 
American farmer and the basis of reasonable optimism for every loyal 
citizen of the New World: ‘To this march of scientific agriculture 
there is no end.’ California is said to have used six times as much 
artificial fertiliser in 1900 as in 1890, and one of the latest bulletins of 
the Minnesota Agricultural Experiment Station, of date June 1908, 
deals with the rotation of crops. Fertilisers, even in the Red River 
valley, are said to have increased the yield in some cases from 15 to 
26 bushels. Minnesota is not an old State, but is taking up the 
problems of the present and the future, and is quoted here, not as an 
exception, but as a sample of general practice throughout the United 
States. 

The other great factor in the wheat problem is the increase of 
population. Space forbids more than a word. The writer has given 
his views on this somewhat difficult subject in another place. In his 
belief the ordinary prophecies of increase in the coming generation 
are exaggerations. Mr. James J. Hill, for example, thinks we shall 
have 200,000,000 people in the United States by 1950. Let the reader 
observe the following rates of increase: 


Decade before 1880 __.... ... 80°2 per cent. increase 
Decade before 1890... .. 25°5 per cent. increase 
Decade before 1900 _... ... 20°7 per cent. increase 


Here is a drop of nearly 5 per cent. in each decade. The population in 
1899 (census of 1900) was 76,085,794. The population for the thir- 
teenth census, now about to be taken, may be estimated at 88,000,000. 
This’ gives an increase of 15°6 per cent. in the last decade and main- 
tains the descending rate of previous periods. If we allow a drop of 
only 1 per cent. for coming decades, there would be in 1949, the year 
of the seventeenth census, a population in round numbers of 
144,000,000. This is a sufficient comment on the prevailing extrava- 
gances in estimating our future numbers in the United States. It is, 
perhaps, more possible that 1950 will not see a population of more 
than 130,000,000. But let us grant 150,000,000 in no very distant 
future. At six bushels per capita, 900,000,000 would be needed at home. 
More than 700,000,000 bushels have already been raised in one year. 
An increase of four bushels per acre on present wheat lands would about 
fill the gap. An increase of ten to twelve million acres under good 
tillage would still provide for the present scale of export. It is safe to 


S.C. Bull., 66, 12. ? Art. ‘Wheat,’ Bncy. Americana, 

* Pop. Sci. Mo., 53,1898. p. 8. 

“Pop. Sci. Mo., September 1909, ‘ Capacity of the United States for Population.! 
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expect that this cereal, as an essential food, will press for its place, 
and all reclamation and adaptation of lands now idle to other crops 
will tend to release land for wheat. 

Regarding it as fairly probable that the United States will not 
materially increase its exports of wheat, the Canadian product assumes 
new interest, not only for the farmer and economist of the Dominion, 
but for every student of the subject. It would be needless—and, 
indeed, presuming—to bring to this place from across the border 
detailed statements as to the history, or confident predictions as to the 
future, of Canadian wheat. 


In comparison with some of its competitors, Canada is old in the — 


industry, having raised over 20,000,000 bushels in 1827, while Argen- 
tina began to raise wheat in 1882. Recent developments in the North- 
West belong to the experience of many who are still foremost in the 
field. Fort Garry has been Winnipeg but for a single generation, 
and the Canadian Pacific Railway entered the city so late as 1881. It 
has already been observed that the Canadian yield is high, owing to 
the native fertility of its prairies, and the greatest crop ever raised from 
unfertilised land is credited to Western Canada in 1901, when 
63,425,000 bushels were raised on something more than 2,500,000 
acres, an average yield of more than 25 bushels. 

The following tables show the progress of wheat in Manitoba, 
Saskatchewan, and Alberta from 1900 to 1908. The figures are kindly 
furnished to the writer by Mr. A. Blue, Chief Officer, Census and 
Statistics Office.1 The product for 1908 is taken from the ‘ Census 
and Statistics Monthly,’ Ottawa, December 1908 ;— 


MANITOBA, 
1900  ... 18,352,929 bushels 1905 ... 47,626,586 bushels 
1901. =. ‘S0:502,035 1906 ... 54472198 ,, 
1902 ... 53,077,267 ., 1907 ... 39,688,266 | 
1903  ... 40,116,878 3. 1908 ... 50,269,000; 
1904 ... 39,162,458 ,. 

SASKATCHEWAN. 

1900  ... 4,306,091 bushels 1905 ... 31,799,198 b 
1901 ... 11,956,069 _,, 1906 ... 50,182,359 iba: 
1902) 691, .193/110,480 64 1907 ... 27,691,601 ° 
1903 ... 15,121,015 ° 1908  ... 34,742,000 
1904 ... 15,944,730 .,, pa 

ALBERTA. 
1900... 797,839 bushels 1905 ... 3,035,843 b 
100i: ee Ors T1S.~ 2s 1906 ... 5,932,267 cil 
W002 ee Bag ie 1907 ... 4.194.435 
1903 ... 1,200,598 1908 ... 6,842,000 ” 
1904. noite: 838.9005);,.:: +208 uf 


The exports of Canadian wheat ranged from sixteen and nine millions 
respectively in the years 1900 and 1901 to a maximum of 43,654,668 
bushels in 1908. The Ontario crop is usually over twenty million 
bushels, but it is from the North-Western provinces that future growth 
is chiefly expected. Dr. William Saunders? states that during 1908 
experiments have been carried on in the Peace River district, at Fort 
Vermilion, 350 miles north of Edmonton, where the crop amounted 


? Letters of March 19 and 24, 1909. 
* Letter to the writer of date March 15, 1909. 
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to 35,000 bushels. He adds the important statement that ‘ there seem 
to be no climatic differences there which are more difficult to be over- 
come than in the immediate vicinity of Edmonton.’ ‘ 

If there be prophecy as to Canada’s future product, her own experts 
must play the part of seer. We have not seen that Dr. Saunders 
retracts or in any way modifies his ‘ reasonable prophecy ’ of 1904— 
that wheat grown on one-fourth of the land suited to it in the Canadian 
North-West, with the yield of Manitoba for the previous decade, would 
bring a crop of more than 800 million bushels, which, as he shows, 
would feed 30,000,000 people in Canada and three times supply the 
import need of Great Britain. If there be such a surplus of good soil 
as three-fourths, this would leave ample room for diversified crops, and 
for such rotations and fallowing as might be needful in future years 
to meet the declining production of the prairie soils. 

Sir William Crookes in 1898 allowed from credible estimates six 
miljion acres of wheat land for Canada in the following twelve years. 
The acreage of 1908, after ten years, but slightly exceeded his figure. 
His fears, however, as to inadequate population to work the wheat lands 
are not likely to be realised. When he read his address at Bristol he 
could not have foreseen that spectacular migration across the border 
from the South, which now plays so large a réle in the North-West. 
In the year 1898 this immigration brought 9,119 settlers into Canada. 
In the fiscal year of 1908-09 the number had risen to 59,832, and 
had become a theme of interest to both countries. Sixty thousand 
settlers, mainly going to wheat farms, and bringing in capital and 
experience, means immediate and large expansion of Canadian wheat, 
and an annual product per capita far exceeding anything that any wheat- ° 
raising country has known. 

The population of Canada has always increased slowly, being 
240,009 in 1801 and rising in 1901 to 5,371,315. But it is precisely 
in the wheat provinces that recent percentages of increase have been 
enormous, so that Canada promises to give herself to a great agricul- 
tural specialty, and remotely, if ever, will come the time when her 
population will press hard upon her productive capacity. Unlike the 
United States, she must confine herself to products of temperate 
climates, and her greatest reliance for exchange must, it would seem, 
be breadstuffs. Immigration into Canada since 1901 has brought more 
than one million people, and if the population in 1908 were 7,000,000, 
there was a per capita production of wheat of 16 bushels. The ratio 
will no doubt be much higher in the near future. 

It is easy to refute prophecies which the event has already nullified, 
but it is, nevertheless, sometimes useful to recall them. In his famous 
address of 1898 Sir William Crookes concedes his statements to be 
alarming, but asserts they are based on stubborn facts, and that 
‘England and all civilised nations are in deadly peril of not having 
enough to eat; . . . as mouths multiply, food resources dwindle; . . . 
our wheat-producing soil is totally unequal to the strain put upon it.’ 
Great Britain then needed 240,000,000 bushels of wheat, of which she 
raised one-fourth and imported the rest. Sir William regards as a 
burning question what to do to avert starvation if crops should fail or 
nations combine in hostility, especially in view of the world’s increase 
of bread-eaters. The wheat-growing area was strictly limited ; there was 
no land left in the United States without cutting into maize, hay, and 
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other crops, and the export of 145,000,000 bushels would soon be 
required at home. In the world’s crop for 1897-1898 he gives the 
United, States 510,000,000 bushels. As it turned out, there were in 
the process of harvest, when Sir William was reading, 675,000,000. 
The average crop for eleven years, 1898-1908, has been 643,668,762 
bushels, giving an average increase beyond his figure of 133,668,000 
bushels—almost enough to cover the export amount then stated. The 
world’s crop for 1897-98 was said to be 1,921,000,000 bushels, 
leaving a deficit, but for supplies carried over, of 400,000,000. He 
thought the wheat lands of all nations brought to their utmost capacity 
might raise the total to 3,340,000,000, or within 17,000,000 bushels 
of what the eaters of wheat bread would require in 1931. We now 
know that the world’s crop eight years later, or in 1906, was 
3 ,423,134,000 bushels, and the limit is nowhere in sight, and cannot 
be conjectured within a billion bushels by the keenest student of the 
wheat problem. Sir William felt that performance had lagged behind 
promise in Canada, and he observed the modest export of less than 
9,000,000 bushels, which has now been raised nearly fivefold. 

It is hazardous to set limits to wheat, in view of possible unknown 
factors of production, and discussions have not taken sufficient account 
of the limitation of population which exhibits itself among the nations 
of higher standards, which are precisely the bread-eating peoples. 
Without regard to wheat this limitation would be operative, but any 
pressure on the wheat supply would foreshadow itself before the pinch 
came, and would tend to still further restriction of population. We 
may therefore comfortably come back to an earlier conclusion of an 
American economist:! ‘In short, it would seem as if the world in 
general, for the first time in its history, has now good and sufficient 
reasons for feeling free from all apprehensions of a scarcity or dearness 
of bread.’ 

Looking, in conclusion, at the world field, the only great importing 
countries are in Western Europe, or more truly North-Western Europe. 
Any increased demand in that region should readily be met by develop- 
ments in Canada, Russia, Argentina, Egypt, India, South Africa, and 
Australia. We may thus even leave out the United States, and we 
might omit India, should ampler distribution of her wheat at home be 
made to avert her too frequent periods of famine. Of the greater 
producers, Argentina is far from her market, is undeveloped, and in 
some degree uncertain. Russia is backward, and will not for more than 
a generation bring her vast resources to full effect in the world’s 
market. It is North America which has the land, the progressive 
appliances, the skilled energy of production, and the facilities of trans- 
portation to supply the bread market of coming decades. No citizen 
of the great Republic need harbour a jealous thought if in that market 
the major place should come to his northern neighbour. 


"Mr. D, A. Wells in Recent Economic Changes, p. 177 (1889). 
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Gaseous Hxplosions.—Second Report of the Committee, consisting 
of Sir W. H. Preece (Chairman), Mr. DuGautp CLERK and 
Professor BERTRAM Hopkinson (Joint Secretaries), Professors 
Bone, BuRSTALL, CALLENDAR, COKER, DALBY, and Dixon, Drs. 
GLAZEBROOK and HELE-SHAW, Professors PETAVEL, SMITHELLS, 
and Watson, Dr. Harker, Lieut.-Colonel HonpEn, and 
Captain SANKEY, appointed for the Investigation of Gaseous 
Explosions, with special reference to Temperature. 


[Prates V.-VIII.] 
APPENDIX PAGE 
A. Regnault’s Corrections - 8 - : : : : 4 . 264 
B: Deville’s Experiments on the Dissociation of Gases. By Dr. J. A. Harker. 265 


Durine the session 1908-09 the work of the Committee consisted partly 
of new investigations and partly of study and critical discussion of English 
and Continental work already published. The new work has necessitated 
the design and construction of much new apparatus, and especially of 
new optical indicators. 

Four meetings have been held in Mr. Dugald Clerk’s laboratory in 
London and one at the National Physical Laboratory. 

The five meetings have been excellently attended. Seven Notes 
have been presented and discussed :— 


No. 7. The Analyses of Exhaust Gases from the Petrol 

Engine. ‘ : : : : : . W. Watson. 
No. 8. Some Experiments on Chemical Equilibrium in 

Gaseous Explosive Mixtures ; : : 
No. 9. Deville’s Experiments on the Dissociation of 

Gases : : : : c : : . J. A. Harker. 
No. 10. On Radiation in a Gaseous Explosion . ; . BR. Hopkinson. 
No. 11. The Alternate Compression and Expansion of 

Dry Air in an Engine Cylinder . , . Dugald Clerk. 
No. 12. Direct Measurement of the Temperature of the 

Working Fluid in a Gas-Engine Cylinder . W.E. Dalby. 
No. 13. The Temperatures reached in the Compression of 

Air. 2 : ; : : . ; . B. Hopkinson. 


Dugald Clerk. 


It will be observed that Notes Nos. 7, 8, and 9, by Professor Watson, 
Mr. Dugald Clerk, and Dr. Harker, deal with the question of Chemical 
Equilibrium, while Note No. 10, by Professor Hopkinson, though deal- 
ing primarily with radiation, also bears upon the same subject. Notes 
Nos. 11 and 13, by Clerk and Hopkinson, are devoted to the study of 
the compression and expansion of cold air within a cylinder, while Note 
No. 12, by Professor Dalby, deals with the direct determination of the 
suction temperature in a gas-engine when working. 

Professor H. B. Dixon has continued his experiments on the ignition 
point of gases by two methods. In the first the gases are heated separately 
before being brought into contact, and the temperature is determined af 
which the meeting gases enflame. The combustible gas is led up a narrow 
tube of glass or quartz in the axis of a larger tube heated electrically ; air 
or oxygen passes up the space between the two tubes. The wider the 


248 REPORTS ON THE STATE OF SCIENCE. 

tubes and the quicker the flow of gases, i.e., the less the contact action of 
the heated surfaces on the mixing gases, the lower the ignition-tempera- 
ture was found to be. Experiments made between half an atmosphere 
and two atmospheres showed a lowering of the ignition temperature with 
increase of pressure.’ 

In the second method the mixed gases are fired by sudden compression 
in a cylinder, according to Nernst’s suggestion. Photographs have been 
taken on a rapidly moving film of the flames produced by adiabatic com- 
pression. The values found are lower than those given by the first 
method, as was to be expected from the high pressures at which the gases 
are fired. These experiments are being continued. 

Professor Dixon has also continued his experiments on the velocitv 
of sound in different gases heated in a long tube. 

Apart from the new investigations dealt with in the Notes, much 
preparatory work has been done by many of the members. Thus Pro- 
fessor Dalby has refitted the engine—the subject of his experiments—with 
electric ignition, and arranged the end so as to take a new optical indi- 
cator; Professor Bone has made preparations to extend his well-known 
experiments to explosions and combustions where oxygen is present in 
excess; Professor Coker has improved his apparatus for studying wall- 
temperature change; Professor Burstall, in conjunction with Professor 
Hopkinson, has made comparisons between a good mechanical indicator 
and the Hopkinson optical indicator ; Watson, Callendar, and Dalby have 
devoted much study to the improvement of the diaphragm optical indi- 
cator; and Hopkinson and Clerk have improved the operation of their 
piston optical indicators. 

In this Report the sequence of the first Report will be followed as 
far as possible, so that the effect of the year’s work will be readily 
apparent. 


Measurement of the Internal Energy or Specific Heat of Gas at High 
Temperatures. 


No new high-temperature experiments on ‘ Volumetric Heat’ have 
been published, but attention has been devoted to the lower end of the 
scale, as Regnault’s and other standard results were shown last year to 
be in need of revision. This was necessary in order to clear the ground 
for high-temperature work. 


(1) Constant Pressure Experiments up to 100° C. 


It was stated in the first Report that the results of Regnault for the 
specific heat of air at ordinary temperatures, which have hitherto been 
accepted as correct, were materially lower than those obtained by some 
more recent observers. Among these latter researches the most im- 
portant were perhaps those of Mr. Swann,’ the results of whose experi- 
ments, which had not then been published, were communicated to: the 
Committee by Professor Callendar, and gave values about 2 per cent, 


1 Dixon and Coward, ‘ The Ignition Temperature of Gases,’ Jour. Chem. Soc., 
1909. 

? “The specific heats of air and carbon dioxide at atmospheric pressure by the 
continuous electrical method at 20° C. and 100° C.,’ by W. F. G, Swann, A,B.C.S., 
B.Se., Proc. Royal §oc., Series A, vol, }xxxii. 1909, 


Oi} GASEOUS EXPLOSIONS. QAO 


higher than those of Regnault. Mr. Swann’s results have now been 
published, and he has supplied the Committee with a complete copy of 
his paper. ‘The method employed by him had previously been used by 
Professor Callendar for determining the specific heat of superheated 
steam. A current of the gas is passed over an electrical heater, the 
energy supplied to which can be accurately measured, and the temperature 
of the gas is measured before and after passing the heater by means of 
platinum thermometers. The rise of temperature, which amounted to 
about 5° C., can be measured correct to 0°001° C., and an at least equal 
degree of accuracy is obtainable in the measurement of energy supplied. 
A correction of the order of 10 per cent. of the total supply of heat has, 
however, to be applied for the loss of heat from the gas as it passes to 
the thermometer. It is assumed that with a given inflow and outflow 
temperature of the gas this loss of heat is independent of the rate of 
flow, and its amount is determined by experiments at different rates of 
flow. 

It will be remembered that a correction, amounting to about 5 per 
cent., was applied in Regnault’s experiments for the flow of heat by 
conduction along the substance of the pipe which connected his heater 
with his calorimeter. Regnault assumed that with a given temperature 
difference this correction was independent of the rate of flow of gas. It 
was pointed out by Professor Callendar that this assumption could not be 
justified, and that it would lead to too low a value of the volumetric heat. 

The corrections involved in the methods employed by Swann have been 
fully discussed by the author, and also by Callendar. They appear to 
admit of determination with an order of accuracy approaching 1 in 1000 
in the result. On this account, and because of the close agreement of 
Swann’s results with those obtained by Joly, the Committee consider that 
there is now little doubt that Regnault’s figures were too low, and that the 
volumetric heat of air at 100° C. may be taken as being within 1 per cent. 
of 5°0 calories per gm. molecule, or 19°8 foot Ib. per cubic foot. 

They have come to this conclusion with the less difficulty because 
to a great extent they have Regnault’s own authority for it. He appears 
to have been fully aware of the uncertainty introduced into his results 
by the heat-flow along the connecting pipe; he discusses it in the same 
way as Callendar and Swann, and arrives at the same conclusion, that is, 
that it would be in such a direction as to make his results too low. The 
passage of his original paper in which he deals with this matter is of 
very considerable interest, both historically and in connection with the 
work of the Committee, and they have therefore reproduced it in full in 
Appendix A. 

For the volumetric heat of CO. the Committee also feel justified in 
adopting Swann’s values as correct to within 1 per cent. They are as 
follows :— 


At 20° 4. At 100° @. 
Specific heat at constant pressure : 5 0-202 0:221 
' Volumetric heat :— : 
Cals. per gm. molecule! . ci : : 6:93 776 
Foot Ib. per cubic foot Bs, igs ee De 30°7 


* Taken as 44 grammes, 
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(2) Clerk’s Experiments. 


In the first Report it was pointed out that the values of the volumetric 
heat of gas-engine mixture obtained by Dugald Clerk by the compression 
and expansion of gas heated by combustion were (at a temperature of 
1000° C.) about 10 per cent. higher than the corresponding values 
given by Holborn and Henning’s experiments at constant pressure. Cal- 
lendar expressed an opinion that the constant-pressure methods of deter- 
mining specific heat were subject to systematic errors which would tend 
to make the results toolow. This view has received further confirmation 
in the publication of Swann’s work, to which reference was made in the 
last section ; for Regnault’s experiments were of the same character as 
those of Holborn and Henning, and any error of defect in his values might 
be expected to be of even greater magnitude in their experiments. On 
the other hand, Hopkinson gave reasons for supposing that Dugald Clerk’s 
values were too high because of a difficulty in determining the division of 
heat loss between the compression and expansion lines. In support of 
this view Hopkinson stated that he had found that when cold air was 
compressed and expanded in a gas-engine driven by an electric motor the 
values of the volumetric heat deduced by Clerk’s method from the 
compression and expansion lines were too high, and that the air took in 
heat during the first half of the expansion stroke, though its mean 
temperature was above that of the walls. 

This point has been made the subject of detailed experiments by 
Dugald Clerk, who communicated a preliminary account to the Com- 
mittee in Note No. 11. His experiments were made on the ‘ R’ engine 
of the Institution of Civil Engineers’ Tests,! of 9 inches diameter and 17 
inches stroke, which was driven by an electric motor. The exhaust valve of 
the engine was permanently closed during the experiments, and commu- 
nication was made with a large reservoir containing dry air by means of 
the charge inlet valve, which was held partially open until the desired 
engine speed was attained, when the valve was tripped and acted on by 
the usual cam, so as to take an air charge into the cylinder. The trip gear 
was so arranged that after one full opening and closing the valve was 
held closed during the experiments so that the air thus trapped in the 
cylinder was alternately compressed and expanded. In this respect 
Clerk’s arrangements differed from Hopkinson’s, who kept both inlet and 
exhaust valves working continuously in the ordinary way, thus taking in 
a fresh charge of air at every other revolution, compressing and expand- 
ing it once and then discharging it. An optical indicator was used to 
take the diagrams, one of which is reproduced in Fig. 1.* 

An analysis of the last three-tenths of the. first compression line and 
the first three-tenths of the first. expansion line (AB and BC on the 
figure) by Clerk’s method, in which the heat loss is treated as the same in 
compression and expansion, subject to an allowance for the higher tem- 
perature in the former, gave as the value of the volumetric heat of air 
20°9 foot Ib. per cubic foot, or 5°28 calories per gm. molecule. This was 
the mean of six cards, three of which were taken at a speed of 120 r.p.m. 
and three at 180 r.p.m.; the maximum value found was 21°1 and the 
minimum 20°5. The mean temperature on the expansion line was about 


‘ Minutes of Proceedings Inst.C.H., vol. clxiii. p. 288. : 
2 The particular diagram shown in Fig. 1 belongs to a later set of experiments. 
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170° G. and the value of © obtained by extrapolating slightly from 
Swann’s results would be 20°16 at this temperature and at atmospheric 
pressure. Unless, therefore, the difference in density gives rise to a 
greater difference in the volumetric heat than seems at all probable, 
Clerk’s value is about 3 per cent. too high. 

Clerk then went on to calculate from the diagram the actual heat loss 
on the compression and on the expansion stroke, assuming the true 
value of the volumetric heat to be 20. Comparing the heat loss in the 
last three-tenths of the compression (AB) and the first three-tenths of the 
expansion (BC), he found that they were in the ratio of about 3 to 1, 
whereas the mean temperature on compression was only about 11 per 
cent. greater than over the corresponding range in expansion. Clerk 
further found that the heat loss from 0'1 to 0°4 on the expansion 
stroke was practically nil, while on the corresponding part of the com- 
pression stroke it amounted to about 7 per cent. of the work done on 
the gas. 

Commenting on these results, Clerk says: ‘ The experiments show 
that the gas does not on the whole gain heat during the first half of the 
expansion stroke, as was found by Hopkinson.* But they do show that 
for some reason the heat loss is divided very unequally between the 
compression and expansion strokes. The proportion varies from point 
to point of the stroke, and also varies largely with the temperature of the 
walls, but for the inner one-tenth and the first three-tenths of the stroke 
the compression heat loss appears to be about three times the expansion 
heat loss. 

‘ From this it follows that Hopkinson was correct in his expectation 
that the specific heat of air determined by division of heat loss in propor- 
tion to mean temperature would be too high. The experiments show 
that this method of division leads to a value about 3 per cent. higher than 
the true value.’ 

Clerk also finds from these experiments that the greater part of the 
heat loss was incurred at the inner tenth of the stroke during compression 
and expansion at the higher temperature and density; 80 per cent. of 
the loss on the three-tenths was due to the inner tenth. The loss on the 
compression line from 0°4 to 0°1 of the stroke was small, and that on 
the expansion line was less. Calculating C as the mean value on these 
lines, the value is 20°7 foot lb. per cubic foot. The mean temperature in 
this part of the diagram was 120° C. 

In view of these experiments on the compression and expansion of cold 
air, the Committee consider that the division of heat loss in the high 
temperature compressions on which Clerk’s values of the volumetric 
heats are based may require some revision, and that these values may on 
this account be rather too high. The results given by air (as to ratio of 
heat loss between compression and expansion lines) at temperatures of 
the order 200° C. may, however, not be quantitatively applicable to gases 
cooling at the high temperature of 1000° C. It will be necessary to 
experiment further on high temperature compré&sion before the amount 
of the correction necessary on this account can be decided. Clerk has 


* The gain of heat found by Hopkinson may have been due to the fact that he 
did not trap a single charge, but continually compressed and expanded fresh 
charges, in consequence of which the temperature of the cylinder walls, and espe- 
cially of the face of the piston, must have been materially higher than in Clerk's 
experiments. 
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made arrangements to continue the work on these lines, and hopes to be 
able to carry his explosion experiments to about 3000° C. by a modified 
method. " 

Clerk determined the leakage of the piston by two methods and found 
that it did not exceed 0°3 per cent. per stroke, so that error by leakage 
is negligible. 

Hopkinson’s suggestion that heat may be absorbed by a body of air 
whose mean temperature is higher than that of the walls enclosing it has 
been supposed by some to be impossible. If, however, the case be put in 
the following way it will be readily admitted that his explanation is quite 
possible. 

Referring to Fig. 2, which is a diagrammatic section of a gas-engine 
cylinder having a very elongated compression space, if it be assumed 
that air be compressed within the cylinder until the piston is full in, as 
shown in the dotted position, then the mean temperature may rise to, 
say, 240° C. as a mean throughout the whole space, but the air at the 
extreme end of that space may be cooled down nearly to the wall tem- 
perature, assumed to be 16° C. 


500°C 


FIG.2. 


The temperature will thus range from nearly 16° C. at the small end 
of the cone to perhaps 300° C. in the open part of the compression 
chamber. Such a disposition may be made to produce a mean tempera- 
ture throughout the whole compression chamber of 240° C. If the air 
be now expanded by moving the piston from the dotted position to the 
full-line position, it is obvious that the temperature of the air, which 
has been reduced to 16° C. by contact with the walls, will fall below that 
temperature, and so heat may be added to the air at the extreme end 
while heat is still being lost to the cylinder by the air near the piston. 
Many gas-engine constructions have narrow spaces, and the engine ‘ R’ 
above its inlet valve has such a space, so that the temperature throughout, 
even during compression and expansion, may be very unequal. 

Although the unequal division of heat-flow between compression and 
expansion lines must be accepted as a fact, the Committee are not yet 
satisfied as to the explanation. The view put forward by Clerk, when 
discussing the possibility of an error from this source in his original 
paper,? was that the difference, if any, between the heat-flow during expan- 
sion and during compregsion was to be ascribed to a rise in the temperature 
of the surface of the metal or of a film adhering thereto. He expressed 
the opinion that any difference so caused could nof be great on account 
of the small possible variation in temperature of the metal surface. Hop- 
kinson’s suggestion, on the other hand, was based on the possibility of 


1 Proc. Roy. Soc., Series A, vol. 1xxvii. 1906. 
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large variations of temperature in the gas, and referred the change of 
heat-flow not to the metal surface, whose temperature (he thought) might 
for this purpose be supposed to be constant, but to changes in the tempera- 
ture gradient in the layer of gas close to the walls. The controlling in- 
fluence of the condition of the surface layer on the rate of heat-flow from 
the gas appears in many experiments. In a gaseous explosion in a closed 
vessel, for example, the flow of heat from the gas to the walls is at first 
intensely rapid, for the hot flame is brought into immediate contact with 
the cold wall and the heat is drawn from the still hot surface layer, and 
has not very far to travel. As time goes on, however, this layer becomes 
cooled down, and serves as a jacket resisting flow of heat from the hotter 
core within. Study of the curve of cooling after explosion in a closed 
vessel shows that the rate of fall of temperature diminishes in much greater 
proportion than the temperature itself, and the same thing was shown by 
Hopkinson’s experiments with a recording calorimeter, in which the rate 
of heat-flow was directly measured and found to vary nearly inversely as 
the square root of the time elapsed.’ 

The basis of Clerk’s method is a comparison of volume and pressure 
changes in the rapid compression of a gas in a closed cylinder. In adia- 
batic compression the relation between these two quantities is— 


PV” = a constant, 


and the mean value of the volumetric heat over the range of compression 
oe, Ee : , 
Bea where R is the gas constant and equal to 7°75 foot lb. per cubic 
foot or 1°96 calories per gm. molecule. The value of y for true adiabatic 
compression is deduced from the actual indicator diagram by making 
corrections for heat loss in the manner to which reference has already 
been made. Another method of obtaining y-is.to find the relation 
between corresponding pressure and temperature changes in rapid com- 
pression. For adiabatic compression this relation is of the form 


where @ is the absolute temperature. It has been applied for small ranges 
of temperature by Lummer and Pringsheim, and also by Makower, who 
suddenly opened to the atmosphere a large glass globe, containing air at 
a pressure of a few centimetres of mercury above atmosphere, and 
measured the resulting fall of temperature at the centre of the globe by 
means of a platinum thermometer. He obtained in this way the value 
19°3 foot lb. per cubic foot or 4°9 calories per gm. molecule for the 
volumetric heat of air at 20° C., which is certainly within 2 per cent. of 
the truth, without making any correction for heat loss from the air at the 
centre of the globe where the temperature was measured. 

Hopkinson has commenced experiments, described in Note No. 13, 
with the object of applying a similar method to the compression of air in 
a gas-engine cylinder. The engine is motored round, taking in a charge 
of air at every other revolution, compressing it, expanding it, and exhaust- 
ing it in the usual way. A fine platinum wire at the centre of the 
combustion space of the engine measures the temperature of the air at 
tv 


? Proc. Roy, Soc., Series A, vol. Ixxix. p. 138. 
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that point, and simultaneous measurements of the pressure at the begin- 
ning and end of compression are also made. A small correction for time- 
lag in the wire has to be applied; this amounts at a speed of 250 revs. 
per minute to about 6° C. at the completion of suction, and is negligible 
at the top of compression. The value of the volumetric heat calculated 
from the pressures and temperatures at these two points, on the assump- 
tion that the compression was adiabatic and that y was constant, is 
20°33 foot. lb. per cubic foot, the values in different experiments ranging 
from 19°76 to 20°95. The true value, according to Swann, for the range 
of temperature employed (20° to 270°) should be 20°1. Tt would appear, 
therefore, that the compression at the centre of the combustion space in 
an engine of this size (the diameter was 7 inches and the stroke 15 inches) 
is very nearly adiabatic, and there is reason to suppose that the method 
may yield good results when applied to higher temperatures. The ex- 
periments were done at various speeds, ranging from 60 to 250 r.p.m., 
and the fact that the values obtained at 60 r.p.m. are not systematically 
greater than those at higher speeds is further evidence that the 
loss of heat is small. The method has the advantage that it is in- 
dependent of leakage. Hopkinson found that in this engine at the top 
of compression the temperature of the air at a distance of half a centi- 
metre from the wall was about 30° less than in the centre. At points 
nearer to the wall, that is, within 1 mm., the temperature fell off very 
rapidly; it was still, however, decidedly above that of the wall at a 
distance of only 4mm. He is continuing his experiments with a view 
to giving a complete account of the temperature distribution and elucidat- 
ing more completely the phenomena of heat-flow. The general result, 
so far as he has gone, would appear to be that the layer of air in which 
the temperature gradients are considerable is extremely thin. It may, in 
fact, be difficult to decide precisely what is the nature of the film which 
determines the heat-flow. Once in solid metal it is quite certain that 
the temperature variations are extremely slight, and cannot be such as 

materially to affect heat-flow. On the other hand, the temperature of 
the air a fraction of a millimetre away from the wall is very much higher 
than that of the metal and approximates to the mean temperature of the 
ges. It is the temperature gradients in the composite layer of matter, 
partly air and partly solid or oil film, between these points which finally 
determine the heat-flow. It is possible that Clerk, who regards the 
solid and adherent film ! as the seat of the temperature changes, and Hop- 
kinson, who ascribes the action to a thin layer of air, are really dealing 
with the same thing from opposite points of view. 


(3) Explosion Haperiments. 


Much light has been thrown on the chemical processes in such ex- 
plosions as occur in the gas-engine by a very complete study made by 
Dr. Watson of the thermal and combustion efficiency in a petrol motor.” 


1 In later experiments on the compression and expansion of air in an ‘ R’ engine, 
with a very large flow of water through the jacket, Clerk finds that the heat-flow 
on compression and expansion becomes nearly proportional to relative temperatures. 
This appears in Clerk’s view to support the hypothesis of an adherent film which 
in some conditions of experiments accumulates heat and rises in temperature. 

2 Proc. Inst. Auto. Hng., May 1909. 
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Such a motor on account of its high speed is well suited for the investiga- 
tion of this question; in some of Dr. Watson’s experiments as little as 
3p Of a second elapsed between the ignition of the mixture of petrol and 
air and the discharge of exhaust gases. The most important part of 
Watson’s work from the point of view of the Committee is the simul- 
taneous measurement which he has made of the quantities of air and of 
petrol taken into the engine and of the chemical composition of the 
exhaust gases. 

Several observers have found that even when the combustion in the 
petrol engine is apparently perfect, there being some excess of oxygen 
and no carbon monoxide or hydrogen in the exhaust, the ratio of hydro- 
gen to carbon in the exhaust gases is considerably greater than in 
the petrol used, showing that even in this case there must be some in- 
complete combustion.’ The very complete set of analyses taken by Dr. 
Watson, of which he was good enough to give full particulars to the 
Committee in Note No. 7, before his paper was published, bear out this 
observation, and show that the discrepancy between the composition of 
the exhaust gases determined in this way and that of the petrol is not 
due to errors of experiment. 

Some evidence as to the cause of the discrepancy is furnished by 
some experiments of Hopkinson, who found that by exploding the 
residue of the exhaust, after absorbing CO and H, with electrolytic gas 
a considerable further yield of Co:, amounting to nearly 5 per cent., was 
obtained. Hopkinson also found that the residual combustible gas re- 
vealed in this way was soluble in water, which points to the possibility 
that it may be an aldehyde or possibly acetylene. It is known that in 
the combustion of hydrocarbons, such as petrol, with insufficient 
oxygen, considerable quantities of aldehyde are formed, but so far as 
the Committee are aware the question has not been fully investigated 
where sufficient oxygen is present to burn the petrol. It is at least 
possible that the effect may be due to deficient vaporisation or incomplete 
mixture in the combustion as it occurs in the petrol motor, and that it 
would not happen if the petrol were completely converted into vapour, 


_ and that vapour sufficiently intimately mixed with the air before combus- 


tion took place. Prof. Bone, however, considers that the combustion of 


a hydrocarbon with insufficient oxygen is not different as to chemical 


actions from combustion with excess oxygen, and he dissents from the 
view that the effect observed may be due to deficient vaporisation or in- 
complete mixture. The question is one well worthy of the attention of 
those chemists who are engaged in the study of the combustion of 
hydrocarbons. Whatever the explanation, the practical result esta- 
blished by these experiments of Watson and Hopkinson is that the petrol 
is rarely, if ever, completely burnt in a motor fed by the ordinary types 


_ of carburettor, even when there is apparently a considerable excess of 


oxygen. 

Neither Waison’s nor Hopkinson’s experiments, which are in full 
agreement with one another, suggest that the incomplete combustion 
occurring in the petrol motor is conditioned in any way by the speed of 
revolution. It is probable, therefore, that it is not incomplete combus- 
tion of the kind contemplated by the Committee and referred to in their 


* Hopkinson, Engineering, August 9, 1907; Clerk, Proc. Inst. Auto. Enq., 
December 1907; Hopkinson, Proc. Inst. Auto. Eng., February 1909. 
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first Report, such as may be caused by the action of the cold walls of an 

explosion vessel in which a truly homogeneous mixture is exploded.* 
Some light is thrown on this question by some experiments made by 

Dugald Clerk during the year under review, who has exploded mixtures 
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of coal-gas and air in an apparatus (shown in Fig. 3) consisting of a 
cylinder containing a piston A, which piston could overrun a port B at 


1 Prof. Bone writes :,‘I am not in the least surprised that Dr. Wateon has 
obtained evidence of some disappearance of carbon (as a soluble product) in his 
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the eiid of the stroke. The cylinder was charged with 4 mixture of gas 
and air, the piston being placed so that the port was closed, and sufficient 
time was allowed for complete diffusion to take place. The mixture, 
which was at atmospheric pressure and temperature, was then fired, the 
pressure generated forced out the piston, which opened the port at a 
period yarying from 0:11 to 0°23 second from the moment of ex- 
plosion, thus liberating the gases. The gases escaped through the port 
and through a passage packed with cold wire gauze C by way of a 
small slide-valve D into a collapsed gas-bag E. The gauze checked any 
chemical action going on in the gases, which were subsequently removed 
from the bag into which they had been exhausted and analysed. In 
each of eight experiments, three of which were made with a mixture of 
1 volume of coal gas to 7 of air, and five with a 1 in 10 mixture, a 
certain proportion of unburnt fuel was found in the exhaust. The 
quantity of carbon ranged from 2 to 4°3 per cent. by volume and the 
quantity of hydrogen from 0°8 to 3°7 per cent. by volume. These ex- 
periments seem to prove that from some cause combustion continues 
even in the explosion of a strong mixture for some little time after the 
attainment of maximum pressure. 

In the petrol motor as ordinarily used the air is insufficient to burn 
the petrol completely. Under these conditions the efficiency of the 
engine, reckoned on the actual consumption of petrol, is of course much 
reduced, since the exhaust contains CO and other substances of consider- 
able heating value. Hopkinson and Morse, however, pointed out two 
years ago’ that if the efficiency were calculated on the heating value of 
the chemical changes which actually took place in the engine, 
it remained nearly constant over a wide range of mixture 
strength, as was to be expected from theory. The effect of mixture 
strength on the efficiency of a petrol motor has been exhaustively 
investigated by Watson during the past year. Some of his results are 
given in the following table :— 


Indicated Thermal Efficiency calculated on 


Air : 3 F 
atchl by calorie Nene aoe ; 
P : '  correspondin ercentage o 
pufent Whole Calorific | “the Chemical Heat of Fuel 
ue Changes which liberated 
actually take place 
14 248 | 251 99 
13 235 . 264 89 
12 220 278 79 
11 204 287 71 
10 185 289 64 


Fig. 4 gives curves showing change of thermal efficiency with ratio 
of air and petrol by weight, beginning with a mixture having so little 


experiments ; indeed, I should have been rather surprised if he had not obtained 
such evidence. Some years ago, working on the combustion of dense hydrocarbons 
in a Diesel engine, I found a considerable ‘‘ disappearance’ of both carbon and 
hydrogen, which was at once explained when the water condensed from the exhaust 
gases was found to give very strong aldehydic reaction.’ 

* Engineering, August 9, 1907. 
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petrol as 1 part by weight to 19 parts by weight of air up to 1 part petrol 
tq 10 parts air. : 

The efficiency rises from A to B and falls from B'to D. The line 
C to E starting from the point C on BD gives the efficiencies calculated 


on the basis of the heat liberated during the chemical changes which. 


actually occur. The efficiency rises from point A to point B, the lower 
efficiency at point A being due to slow inflammation of the mixture for 
the speed of the engine, so that burning is continued after the constant 


volume phase is passed. B is the point of maximum efficiency, but it 


does not appear to be the point of maximum chemical combination ; the 
most complete chemical combination is found at the point C. The fall 
of efficiency is doubtless due to the continually increasing flame tempera- 
ture between B and C, that is between a mixture of 1 part by weight 
of petrol to 17°3 parts of air and 1 part of petrol to 14 parts of air. The 
increasing flame temperature with the richer mixture increases the heat 
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loss and also increases the mean specific heat of the gases over the range 
of the temperature used, and so efficiency is diminished from both causes. 
From C to D the petrol is in excess, and hence the flame temperature 
must on the whole be falling. At the point D a very large quantity, 
however, of the fuel is being discharged incompletely burned, as only 
64 per cent. of the heat of the fuel is liberated. Calculating, however, 
the line CE, which is the line giving the thermal efficiency of the 
engine for the chemical action actually completed, it is somewhat sur- 
prising and interesting to find how greatly efficiency increases. With 
1 of petrol to 10 of air it rises as high as 0°289. For these tests the 
air standard efficiency was 0.46, so that the efficiency ratio was 0°64—an 
extremely high efficiency for so small an engine.* 


1 The portion CE of the curve is calculated by deducting from the calorific 
value of the petrol the heat which would be liberated if the CO, H, and CH, in the 
exhaust were burnt to CO, and H,O. There is some uncertainty in the result 
because there is undoubtedly some combustible matter in the exhaust which is not 
accounted for in the analyses. Moreover, in Dr. Watson's experiments the H and 
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This increase in efficiency is to be ascribed mainly to the reduction 
of flame temperature—much as in Dugald Clerk’s super-compression 
experiments. A small increase is also to be expected from the increase 
of specific volume which occurs on explosion, and which may amount 
to as much as 10 per cent. volume in extreme cases. Although this 
volume change is insignificant compared with that occurring in ex- 
plosives of solids like gunpowder and cordite, yet it should strictly be 
included in calculations of thermal efficiency. It tends to make the 
efficiency of a petrol engine rather greater than that of a gas-engine, in 
which the compression and heat supply per cubic foot are the same. 


Radiation in Gaseous Explosions. 


The importance of radiation in its bearing upon the calculation of 
volumetric heats from explosion pressures was pointed out in the first 
Report. It is probable that the loss of heat from this cause, or at any 
rate that part of it which occurs during the progress of the flame, is 
independent of the size or surface area of the vessel, arid cannot therefore 
be allowed for by a comparison of vessels of different sizes. Any con- 
siderable amount of radiation of this character will seriously affect the 
values of the volumetric heat obtained by explosion experiments. 

Hopkinson has been investigating this question, and has made 
some progress during the year. He gives some of his results in Note 
No. 10. It will be remembered that at the meeting of the British Asso- 
ciation at Dublin he described the results of some experiments which he 
had made dealing with the effect upon explosion pressures of the nature 
of the surface of the vessel. He coated the inside of the explosion vessel 
with tinfoil, and compared the results of exploding identical mixtures, 
first with the tinfoil brightly polished, and, secondly, when it was covered 
with lamp-black. He found that the difference in maximum pressure 
was inappreciable, but that the rate of fall of pressure during cooling 
was considerably less with the bright lining than with the dark lining. 
This is in accordance with observations which have been made upon the 
effect of polishing the interior of the combustion space of a gas-engine, 
which has been found to result in a perceptible increase in mean pressure. 

During the year Hopkinson and his pupils have been carrying out 
further investigations on this subject. The results described in the last 
paragraph have been fully confirmed, and direct bolometric measurements 
have also been made of the radiation in an explosion. For this purpose 
a small portion of the surface of the explosion vessel was covered with 
thin copper strip, and the rise of resistance of this strip during the 
explosion was recorded by means of a quick period reflecting galvano- 
meter, a record of the pressure being taken at the same time. Com- 
parative experiments were made first with the strip polished as highly 


CH, were not directly measured, but were calculated by means of an empirical 
formula from the measured quantity of CO. Hopkinson and Morse worked out 
. the heat developed by burning the oxygen present to CO, CO,, and H,O in the 
proportions found in the exhaust. The result obtained is rather different from 
that calculated by Watson’s method, and this may account for the fact that Hop- 
kinson found a smaller increase in efficiency with richness of charge than did 
Watson, though the observations on which his calculations were based were in 
good agreement with Watson’s. : 
; : s 
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as possible; secondly, with it blackened over; and, thirdly, after it had 
been protected from direct contact with the flame by means of a plate 
of rock-salt fixed in front of it. It was found that the rate of rise of 
temperature of the blackened strip during combustion and the early 
stages of cooling greatly exceeded that of the polished strip, and that the 
difference between them was, roughly, the same as the rate of rise of 
temperature of the strip protected by rock-salt. It appeared that the 
amount of heat lost to the walls of the vessel by radiation up to the moment 
of maximum pressure was, with a 15-per-cent. mixture by volume of 
coal-gas and air giving a maximum temperature of 2150° C., of the 
order of 5 per cent. of the whole heat of combustion, and there was 
evidence that the radiation continued for some considerable time after 
maximum pressure, until the temperature of the gas had fallen to © 
1400° C. The experiments are not yet sufficiently advanced to give a 
quantitative basis for the correction of volumetric heats obtained by 
explosion experiments, but Hopkinson considers that they establish the 
fact of a material amount of radiation at the moment of maximum pressure 
and during the first stages of cooling. 

Apart from their bearing on the determination of volumetric heats, 
these results, if fully confirmed and proved to be due to radiation and not 
to differences in roughness of surfaces or other secondary causes, will 
raise interesting questions as to the origin of the radiation and as to the 
state of the gas at the moment of maximum pressure. Comparing the 
two explosions, one with the bright lining and the other with the blackened 
lining, it seems to be established that the maximum pressure and the 
maximum temperature are the same; on the other hand, the experiment 
with the bolometer would seem to show that more heat has been lost 
in the one case than in the other; and therefore the energy of the gas 
enclosed in the bright lining is greater than that of the gas enclosed in 
the blackened lining, though the temperatures are the same. If this be 
the fact, there must be some want of equilibrium at this moment. ._Many 
chemists, including Bunsen and Professors Smithells and Dixon, have 
held the opinion that radiation from a gas, at any rate at temperatures 
such as can be obtained in an explosion, can only go on as a result of 
some sort of chemical or quasi-chemical action. According to this view, 
the want of equilibrium at the moment of maximum pressure must 
be due to incomplete combustion, and the continuing radiation after 
maximum pressure must be regarded as evidence of continued chemical 
action. This view as to the radiation from a gas is, however, not generally 
accepted, and the existence of radiation, therefore, cannot be regarded as 
conclusive evidence of continued combustion. If it be assumed that com- 
bustion is complete at the moment of maximum pressure or very shortly 
after it, then the want of equilibrium at this moment disclosed by the 
experiments must be ascribed to purely thermal causes. The most obvious 
explanation in such a case would be that the translation and vibrational 
energies of the molecules have not attained their equilibrium proportion. 
Since the temperatures in the two explosions with bright and blackened 
linings are the same, the translational energies, which alone determine 
temperatures, must also be the same. It is conceivable, however, that 
the energy represented by rotation or vibration of the molecules may be 
greater in one case than in the other, 
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The Measurement of Temperature. 


(1) Dissociation.—In the first Report the importance of dissociation 
in connection with the gas scale of temperatures, which is the only 
scale at present available for explosion and gas-engine experiments, was 
pointed out, and a hope was expressed that an investigation of dissocia- 
tion from this point of view might be undertaken by the National 
Physical Laboratory. The Committee are glad to be able to report that 
Dr. Glazebrook has given his sanction to such an investigation, which 
is now being carried on under the immediate superintendence of Dr. 
Harker, and that Dr. Glazebrook has shown his personal interest in 
this and the other matters engaging the attention of the Committee by 
joining them as a member. 

The main object of the high temperature research work which is now 
in progress at the National Physical Laboratory is to obtain direct gas 
thermometer measurements up to 1700° C. or 18009 C., and it is to this 
object that Dr. Harker’s efforts are being directed. On this inquiry 
the question as to the amount of dissociation present in the measuring 
gas has an important bearing, and may properly be included in high 
temperature research. 

In order to have the facts in a form for discussion, Dr. Harker 
prepared a Note on the early work of dissociation, particularly the 
experiments of Grove and of Deville. This Note, No. 9, in view of 
its historical interest and its bearing on their work, the Committee have 
printed in full as Appendix B. 

In view of the discrepancy which is apparent from the account given 
in this Appendix between the statements of Deville, on the one hand, 
and the recent work by Nernst and Wartenberg (which has been con- 
firmed by Holt on the other, as to the actual amount of dissociation in 
steam, CO and CO., particularly at low temperatures, it seemed of 
interest to ascertain if light might not be thrown on the question by a 
simple repetition of one or two of Deville’s fundamental experiments. 

Apparatus for this purpose has therefore been set up at the National 
Physical Laboratory, and was shown to the Committee on the occasion 
of their recent meeting at the Laboratory by invitation of Dr. Glaze- 
brook. The methods and apparatus for the purification and heat treat- 
ment of the materials used in the preparation of very refractory vessels 
were also explained. 

Sir William Preece was especially impressed with the necessity of 
repeating this early work, and accordingly the Committee welcome the 
installation of Deville’s experiments under modern conditions and with 
modern appliances for the accurate measurement of temperature which 
were unavailable in Deville’s time.? 

(2) Measurement of Pressure.—It was pointed out in the first Report 
that the determination of the energy function depended upon the 
measurement of the temperature of the gas experimented with, and that 
two methods had been used. According to one method, the gases them- 
selves which are within the engine cylinder or the explosion vessel are 
utilised as the thermometric fluid, and according to the other method the 


* Phil. Mag., May 1909. 

2 Professors Smithells and Bone doubt the relevance of experiments according 
to Deville’s methods to the question of flame temperature, although they welcome 
the proposed experiments from the purely scientific point of view. 
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gas temperatures have been measured by a thermo-couple or a platinum 
resistance thermometer. The first method of measurement by pressure 
changes necessitates the use of accurate indicators. In gaseous explo- 
sions, pressures and temperatures before ignition are comparatively 
easily determined, but pressures after ignition are often difficult of deter- 
mination for purely mechanical reasons. The Committee are of opinion 
that for accurate work in gaseous explosions optical indicators offer 
marked advantages, and they recommend that in all investigations de- 
pending upon the use of such indicators the oscillation period of the 
indicator should be given. In the piston indicators used by Clerk and 
Hopkinson this period is very easily determined. Fig. 5 is a photo- 
graphic reproduction of an optical diagram taken by the Clerk indicator 
to determine the period of the instrument used for the experiments de- 
scribed in Note No. 11. Such diagrams are taken by causing the piston 
to strike against a stop before maximum pressure is reached. On the 
return of the piston alter maximum compression or explosion it will be 
found that the expansion line shows an oscillation. rom this oscilla- 
tion the period of the indicator can be readily obtained. In this indi- 
cator the oscillation period is 1-216th of a second. With a light spring 
diagram shown in Fig. 6 the period is 1-108th of a second—double the 
period of the other. To make certain that the indicator registered the 
maximum pressure correctly, the piston was held up by a movable stop, 
so that the spring was compressed to within a few pounds of the maxi- 
mum pressure. ‘The first compression line is, therefore, omitted from 
a diagram produced in this way until nearing the maximum compres- 
sion. The piston is then lifted from its stop whenever the pressure 
exceeds that put upon the spring by the stop, and the maximum pressure 
is indicated, avoiding the momentum effect which causes the piston to 
tend to overrun its true pressure. ‘This is clearly shown in Fig. 7. A 
number of diagrams taken proved that the maximum pressure obtained 
with the stop in and the stop out was the same. 

Oscillation period experiments and experiments with a stop are 
recommended to determine the accuracy and sensitiveness of piston- 
operated indicators. Careful comparisons made by Professor Burstall and 
Professor Hopkinson of the Hopkinson optical indicator and a specially 
selected Crosby mechanical indicator proved that the mechanical indicator 
gave maximum pressures differing considerably from the optical indicator, 
except when the ignition was very slow, though the mean pressure was 
nearly the same. 

Fig. 8 shows a comparison of the two indicators which will be 
readily followed. Experiments made by Clerk with another mechanical 
indicator compared with a Clerk optical instrument showed deviations 
exceeding 5 per cent. in maximum pressures. 

As showing the importance of temperature measurement in gaseous 
explosions, the Committee would refer to diagrams obtained by Callendar 
and Dalby, described in Dalby’s Note No. 12. These diagrams showed 
a maximum temperature of 2500° C. of the gas and air mixture in a 
gas-engine cylinder—a temperature about 300° C. higher than any 
temperature obtained by ignition from atmospheric pressure. Pro- 
fessor Dalby is continuing his investigations, and many interesting points 
can be determined by his method of experimenting. The question -of 


» See Proc. Inst.M.H., July 1909. 
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dissociation is directly affected by the possibility of getting temperatures 
of 2500° C. with any gas and air mixture whatever. 
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The Dublin grant has been carefully expended. 

The Committee consider that their continued work will prove useful, 
and they therefore recommend that they be reappointed, and ask for a 
further grant of 1001, 
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APPENDIX A. 


REGNAULT’s CORRECTIONS. 


Some explanation of Regnault’s methods is necessary in order to make 
the following extract clear to those who are not familiar with his paper. 
The air was passed in a continuous stream through a pipe in a bath of 
heated oil and took the temperature of the oil. It then traversed a 
short pipe into a calorimeter, and in its passage through the calorimeter 
it took the temperature of the water therein. The rate of rise of tem- 
perature of the water in the calorimeter was observed over an interval 
varying in different experiments from five to forty minutes. It was 
assumed that the heat lost by the calorimeter to its surroundings and by 
conduction along the connecting pipe was such as to lower its tempera- 
ture at the rate A@ where: 

A§=A(0—t)+K. 


is the temperature of the calorimeter, ¢ that of the surrounding air, 
and A and K are constants independent of the rate of flow of air. The 
constant K represents the rate of flow of heat along the connecting pipe. 
A and K were determined by two observations of the change of tempera- 
ture in the calorimeter which took place when the air current was 
stopped during two periods of ten minutes which immediately preceded’ 
and followed the experiment with air flowing. 

The correction A@ to be applied at each instant during the experi- 
ment to the observed rate of rise in 6 was then calculated from the 
observed values of 6 and t. 

Regnault tested the correctness of the above assumption by making 
a series of determinations of the specific heat of air with currents of 
different velocity. He found that the apparent specific heat was practi- 
cally constant over a wide range, extending from 10 grammes per 
minute to 30 grammes per minute. If the rate of flow were outside 
this range the apparent specific heat was less. In the case of the slower 
currents this was doubtless due to an error in the correction. The 
faster currents gave wrong values because the air had not time to take 
up the temperature of the oil-bath and of the calorimeter respectively. 

There is a good illustration of Regnault’s apparatus in Haber’s 
‘Thermodynamics of Technical Gas Reactions,’ p. 212. 


Mémoires de l’Académie des Sciences de l'Institut Impérial de France, 
tome xxvi., p. 83. 
On peut conclure de ces expériences que la formule 
Ad=A(O—t) + K 


dont les constantes ont été calculées, pour chaque expérience, d’aprés 
les éléments observés pendant la premiére et la derniére période, 
peut étre employée, avec toute confiance, pour calculer les effets produits 
par les causes perturbatrices pendant le temps ot le courant gazeux 
traverse l’appareil. I] est nécessaire, néanmoins, de faire sous ce rapport 
une réserve, car il se présente ici une cause d’incertitude que j’ai vaine- 
ment cherché 4 éliminer, et dont je n’ai pas réussi 4 calculer les effets 
avec précision. Pendant la premiére et Ja derniére période de 
Vexpérience, on observe les variations de température sous l’influence 
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du milieu ambiant et de la chaleur qui lui arrive par conductibilité, 
suivant l’ajutage qui le relie au bain d’huile. La premiére de ces causes 
agit d’une maniére parfaitement semblable lorsque l’appareil est par- 
couru par le courant gazeux; mais il n’en est pas de méme de la seconde. 
En effet, quand le gaz ne passe pas dans le calorimétre, l'une des ex- 
trémités de l’ajutage est 4 la température du bain d’huile, tandis que la 
température de la seconde extrén.ité doit se rapprocher de celle du 
calorimétre ; le flux calorifique a lieu par suite de cette différence de 
température. Quand le gaz traverse l’appareil toute la petite tubulure 
en cuivre de l’ajutage est 4 la température du gaz entrant, c’est-a-dire 
4 la température du bain d’huile, et l’excés de la quantité de chaleur 
qu’elle posséde 4 un moment quelconque, relativement au premier cas, 
lui est nécessairement fourni par le courant gazeux, qui doit subir, par 
ce fait, un léger abaissement de température. On ne peut donc pas 
admettre que la valeur de K soit la méme dans les deux cas. Lorsque 
le courant gazeux est rapide, la perte de chaleur que le gaz subit par 
cette cause doit étre extrémement petite, car le gaz n’a 4 fournir que la 
déperdition de chaleur que la tubulure éprouye 4 travers le petit bouchon, 
qui est trés mauvais conducteur de ja chaleur. Mais quand le courant 
gazeux est lent, cette perte n’est probablement pas négligeable, et c’est 
& cette cause qu’il faut attribuer en grande partie, la différence que l'on 
observe entre les valeurs de la chaleur spécifique, suivant qu’on la 
détermine avec un courant gazeux rapide ou avec un courant lent. 

Il est certain que cette cause doit rendre la chaleur spécifique trop 
faible; mais je n’ai trouvé aucun moyen qui permet d’évaluer, méme 
approximativement, l’importance de cette erreur. La disposition que 
j'ai donnée & l’ajutage avait pour effet de la rendre aussi petite que 
possible, et je pense que l’on peut conclure que entre les limites de 
vitesse du courant gazeux que j’ai employées dans les expériences dé- 
finitives, l’erreur est complétement négligeable; car, autrement, la 
valeur de la chaleur spécifique d’un méme gaz ne resterait pas sensible- 
ment constante quand on fait varier considérablement sa vitesse d’écoule- 
ment, en restant toutefois entre les limites indiquées. 


APPENDIX B. 


Deville’s Experiments on the Dissociation of Gases. 
By Dr. J. A. Harker. 


Introduction.—The importance of the réle of gaseous dissociation in 
the phenomena which it is the business of the Committee to study led 
me to look up the original papers on the subject, particularly the work 
of Henri Sainte-Claire Deville. In view of the fact that there appears 
to be no adequate account in English of these experiments, which seem 
to occupy a unique position in the literature, a Note dealing with them 
would not seem inappropriate. 

Deville appears to have commenced his experiments on this subject 
about 1851, his first work being a repetition of the celebrated experi- 
ments of Grove, which formed the subject of his Bakerian Lecture in 
1847. Grove discussed the theory of the decomposition of water 
by heat, and seems to Have had clear views as to what we now call 
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‘ dissociation,’ though this term appears to have been first used by 
Deville in 1857. 

One of his most interesting experiments Grove describes as 
follows * :— 


‘I was now anxious to produce a continuous development of mixed 
gas from water subjected to heat alone . . . and for this purpose the 
apparatus shown in Fig. 9 was constructed ; a and b are two silver tubes 
4 inches long and 0°3 inch diameter ; they are joined by caps to a plati- 
num tube, c, formed of a wire one-eighth of an inch in diameter, drilled 
throughout its length with a drill the size of a large pin; a is closed at 


Deville’s Apparatus. 
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the extremity, and to b is fitted . . . the bent glass tube d. The whole 
is filled with prepared water, and having expelled the air from a by heat, 
the extremity of the glass tube is placed in a capsule of simmering water. 
Heat is now applied by a spirit lamp, first to b, then to a, until the 
whole boils; as soon as ebullition takes place, the flame of an oxy- 
hydrogen blowpipe is made to play upon the middle part of the platinum 
tube, c, and when this has reached a high point of ignition, which 
should be as near the fusing-point of platinum as practicable, gas is 
given off, which mixed with steam very soon fills the whole apparatus 
and bubbles up from the open extremity either into the air or into a gas 
collector. . . . I experienced a feeling of great gratification when, on 
applying a match to one of the bubbles which were ascending it gave 


* Phil, Trans., 1847-48, p. 12. 
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a sharp detonation. I collected and analysed some of ib: ib was 0°7 
oxyhydrogen gas, the residue nitrogen, with a trace of oxygen.’ 

This experiment, and another one of Grove’s, in which the decompo- 
sition of water was produced by dropping molten platinum into it, 
seemed to have served as the starting-point of Deville’s experiments. 

Deville published many of his results for the first time in two 
lectures delivered before the Paris Chemical Society on March 18 and 
April 1, 1864,’ though much of his work had been done considerably 
earlier. The papers do not appear in the ordinary publications of the 
Society, but in a supplementary set of volumes of ‘ Lecons,’ which seem 
to be comparatively rare, neither the Royal Society’s nor the Chemical 
Society’s libraries possessing a copy. 

Deville appears to have realised the necessity for removing the dis- 
sociated products from further reaction, and in his experiments three 
methods were employed for the separation of the dissociated material from 
the unaltered gas, viz. :— 


~ (1) By means of diffusion. 
(2) By admixture with an inert gas. 
(3) By very rapid cooling from a high temperature. 


Preliminary Diffusion Experiments.—Before proceeding to describe 
the first experiments made by the diffusion method it will be well to 
mention some results obtained by Deville on the flow of gases through 
porous walls at ordinary temperatures, as they have considerable 
bearing on the later experiments. . 

(1) If a fairly rapid current of hydrogen be passed into a tube of 
unglazed porous ware, and thence to a collecting vessel, it is found that 
instead of hydrogen practically pure air is collected. Analyses gave the 
following as an average composition :— 


Oxygen . : : 4 d ae 
Nitrogen . ; $ , mo 
Hydrogen. ; : , . (trace) 


Therefore hydrogen passes completely out through the walls of the tube, 
and air is absorbed in spite even of an excess of pressure amounting in 
some cases to several centimetres of mercury. 

Diffusion Apparatus.—Deville then proceeds to describe his cele- 
brated diffusion apparatus— which is shown diagrammatically, 
Fig. 9—which he used in so many experiments. An internal tube of 
unglazed biscuit—or earthenware—passes centrally through a larger and 
shorter tube of glazed porcelain, the ends of the latter being closed by 
rubber stoppers or corks. The gas to be studied is passed through the 
annular space between the tubes. The apparatus can be heated along 
its middle portion by a coke furnace to a temperature of from 1100° to 
1300° C.? 

Hydrogen and CO: Experiments.—Employing this apparatus cold, 
Deville makes the following experiment: A fairly rapid current of CO, 


34 Lecons sur la Dissociation professées devant la Société Chimique de Paris. 
2 No data are given by which this temperature estimate can be even approxi- 
mately verified, but no blast appears to have been used, hence 1500° C. would bea 
probable maximum. ; 
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is led through the outer space, while a current of hydrogen is led through 
the inner tube in the opposite direction. It is found that hydrogen 
diffuses outwards so rapidly that it can be lighted at the exit of the CO, 
tube, while very little or none escapes from the end of the inner porous 
tube. ‘Thus by virtue of ‘‘ endosmose ’’ the two gases have changed 
places, traversing in opposite directions, the porous wall separating them. 
These phenomena, forming a striking and instructive lecture experiment, 
are in perfect agreement with the observations already made by Graham 
and by Jamin.’ * 

After this preliminary investigation of the action of his apparatus 
when cold, Deville proceeds to study by its means the action of heat on 
steam, using CO: as the inert gas. Steam being led in by the outer tube, 
the products collected from the inner one, after absorption of the CO:, were 
found to be strongly explosive. In several experiments the average 
amount of explosive gas collected was 1 c.c. per gram of steam passed in. 

(2) Dissociation of Steam.—-A porcelain tube, five or six cm. diameter, 
was filled with fragments of very clean porcelain previously heated to 
redness. A rapid current of CO. was led through a flask of water main- 
tained at 90° or 95° C., and thence through the porcelain tube, heated to 
full redness in ‘ a furnace using a blast of air.’ It is easily seen that a 
small quantity of steam is broken up into its elements. The gas passing 
out of the tube is collected over strong potash solution. After two hours 
25-30 c.c. of an explosive mixture was obtained, which gave, on analysis : 


Sih Waa a) ete ty? ty MUG 
His, od ee ek. eo ee 
Omens elnreier re fiwicine), Siqed ee 
i, ewe? Wa bation o th bimini oe 


the speed of the gas current averaging seven or eight litres of CO. per 
hour. The quantities of gas obtained are only about a quarter of those 
got in a similar time by the first method. A blank test on the carbonic 
acid gas gave 1°6 c.c. of residue, instead of 25-30 c.c. 

Dissociation of CO».—In another paper, describing the same kind of 
experiment on CO; alone, the author adds some further details. He says: 
‘I have proved the dissociation of water at a moderately high tempera- 
ture by separating it into its elements by the action of a solvent (some 
experiments not discussed here) or by the action of a mechanical 
pheromenon. I have succeeded still more easily with CO., because of 
the resistance to combination shown by oxygen and carbonic-oxide 
when they are disseminated through the mass of an inert gas. For- 
tunately for the rigour of my demonstration the gas may be CO. itself. 
I take the porcelain tube filled with porcelain fragments, as previously 
described. This apparatus is carried to a temperature which I estimate 
at 1300° C.’ 

An analysis of the residual gas gave: 


O,=30 
CO=62 paverage of several samples. 
v= 8 


+ Analyses of the gases passing into the collecting vessel did not always give 
the same result, thus casting some suspicion on the experiment, particularly on 
the gas-tightness of the porcelain tube. Deville would not admit that his porce- 
lain was porous, but says that his joints were not all secure against small leaks of 
hydrogen. 
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If the same quantity of the original CO, is made to pass the potash 
solution, and the residue is collected, this measures at the end of the 
same lapse of time 1°4 c.c., consisting of 

0.= 14, 
N 2= 86, 


which accounts for the small quantity of nitrogen in the products of 
dissociation of the CO. 

The ‘ Cold-Hot’ Tube.—In this arrangement the recombination 
of the dissociated gases is prevented by rapid cooling, instead of diffusion 
and dilution, as in the previous experiments. A thin brass tube, silvered 
externally, takes the place of the porous inner tube of the first appa- 
ratus. Through this is maintained a rapid and steady current of cold 
water. 

Experiments on CO.—A current of pure CO, made by the action of 
sulphuric acid on oxalic acid, is passed through the outer tube of the 
apparatus. The CO, in the CO is absorbed by passing through several 
wash-flasks of potash, then over a tube of iron, filled with red-hot iron 
wire, and finally more potash vessels. The exit-tube from the furnace 
passes to a baryta solution. As soon as the tube becomes red-hot, CO, 
is shown in the issuing products. Carbon deposits on the under side 
of the silver tube as soot. 

Modified ‘ Cold-Hot’ Tube.—The same arrangement as just de- 
scribed was modified by boring a hole about 0°2 mm. in diameter through 
the metal tube, and attaching to the outlet for the water a long glass 
tube bent vertically downwards. This acts like the old form of 
Bunsen pump, causing some gas to be drawn inwards at the hole, and 
to pass on with the current of water. The lower end of the water- 
delivery tube is bent so as to allow the gas issuing to be collected in an 
eudiometer. With this apparatus Deville considers he showed CO: to be 
‘ strongly dissociated at 1200° C.’ 

Sparking Experiments.—This is confirmed by a sparking experi- 
ment. 

If CO. confined over mercury in an eudiometer be sparked vigorously 
in presence of phosphorus, all the oxygen is absorbed as fast as pro- 
duced, and the dissociation is complete. 

Consideration of the papers, of which the above is an abstract, and 
also others not dealt with, has led me to believe that Deville may be 
more right as regards the magnitude of the dissociation produced in 
steam and CO: by heat than recent writers on the subject would lead us 
to suppose. Each experiment considered alone would not be unimpeach- 
able, but although there appear to be many pitfalls and possibilities for 
secondary effects to interfere with the reactions studied, yet the evidence 
seems so strong that it is hardly possible to discredit it. If this be the 
case, further work on the lines indicated by Grove and Deville, accom- 
panied by proper temperature measurements, would seem very desirable. 

For a repetition of the first experiment an external ‘ guard-tube,’ 
coming outside the glazed porcelain tube and conveying a stream of the 
gas to be studied, would be an obvious improvement. This would enable 
the effect of small leaks in the porcelain tube to be minimised. The 
glaze of the best Berlin tubes softens and is distinctly ‘tacky’ at 
1150° C., while after long exposure to 1200° C. the glaze sinks in and 
perishes. Silica tubes begin to sag, when unsupported in the hot parts, 
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at about 1240° C., and could not be used for hydrogen at any tempera- 
ture above a dull-red heat, so that until gas-tight tubes of some more 
refractory material are available, there does not seem much probability 
of being able to repeat the experiments at higher ranges. 

In view of the fact that Crafts states that the dissociation of CO. is still 
inappreciable at 1500° C.,1 a statement confirmed by the more recent 
work of Nernst and Wartenburg, a careful repetition of Deville’s experi- 
ments is very necessary. 


If some such amount as 1/400th of the whole gas is proved to be 
dissociated at temperatures of the order of 1200° C. (and it is to be 
remembered that the amount found by all these methods is necessarily 
a minimum limit), then at gas-engine temperatures it is probable that the 
total dissociation is much larger, and hence the rise in the apparent 
specific heat of the gas might be quite appreciable. 

The dissociation of carbon monoxide seems proved beyond doubt at 
Deville’s temperatures. He says it is detectable at the melting-point of 
glass, and is marked at the melting-point of silver, as proved by the 
inverse reaction of passing CO. over carbon at that temperature. This 
is undoubtedly of great importance, if true; perhaps some of the 
chemists on the Committee can give us further information. 


The Lake Villages in the Neighbourhood of Glastonbury.— 
Report of the Committee, consisting of Dr. R. Munro 
(Chairman), Professor W. Boyd Dawkins (Secretary), Pro- 
fessor W. Ripceway, and Messrs. AntHUR J. Evans, C. H. 
Reap, H. Baurour, and A. BULLEID, appointed to investigate 
the Lake Villages ‘in the neighbourhood of Glastonbury in 
connection with a Committee of the Somerset Archeological 
and Natural History Society. 


Tue Committee have to report that owing to the amount of work thrown 
on the hands of Messrs. Bulleid and St. George Gray in compiling and 
arranging the details of the monograph on Glastonbury Lake Village, it 
was found inexpedient to resume excavations this summer on the new 
site at Meare. The expenses incurred in the preliminary excavations 
carried on at Meare last summer have already been paid by Mr. Bulleid, 
and, consequently, no part of the 51. grant made by the Association has 
been expended. The Committee have therefore to recommend that this 
grant be renewed, together with at least 301. in addition. With a sum 
of 35]. assured, and the number of private contributions already 
announced, the Committee hope to make considerable progress in 
excavating the Meare Lake Village during the summer of 1910. Judging 
from the discoveries already made and recorded (Tenth Report, Dublin 
Volume, p. 414), this new lacustrine site promises to be richer in 
archeological remains than even Glastonbury. 


* T have not been able to find the original paper dealing with this. It is pro- 
bably in one of his papers on the gas-thermometer. The fact is quoted from 
Mallard and Le Chatelier’s papers in the Annales des Mines: ‘Recherches sur la 
combustion des Mélanges gazeux explosifs,’ p. 275, ; : ; 
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Excavations on Roman Sites in Britain.—Report of the Com- 
mittee, consisting of Professor J. LL. Myres (Chairman), Pro- 
fessor R. C. Bosanquet (Secretary), Sir EDWARD BRABROOK, 
Dr. T. AsHsy, Mr. D. G. Hocarts, and Professors W. RIDGE- 
way and W. Boyp Dawkins, appointed to co-operate with 
Local Committees in Excavations on Roman Sites in Britain. 


Tue Committee report that in the course of recent excavations, con- 
ducted jointly by the Chester Archeological Society and the Liverpool 
Committee for Excavation and Research in Wales and the Marches, on 
the site of a newly discovered section of the Roman Wall at Chester, 
a paleolithic implement was discovered in made earth near the base of 
the wall. Such a discovery is of the highest interest, in view of the fact 
that paleeolithic implements are not usually found in Great Britain so 
far to the north-west. It has appeared, therefore, to be of importance 
to ascertain more exactly the character of the deposit in which this 
implement was found, and the Committee’s grant of 51. has been placed 
at the disposal of Dr. Robert Newstead, of the Chester Museum, for this 
purpose. Dr. Newstead’s report has not yet been received. 
The Committee ask to be reappointed with a further ea 


The Age of Stone Circles.—Report of the Committee, consisting 
of Dr. C. H. Reap (Chairman), Mr. H. Batrour (Secretary), 
-Lord AvreBurRy, Professor W. Ripceway, Dr. J. G. Garson, 
Dr. A. J. Evans, Dr. R. Munro, Professor Boyp DAWKINS, 
‘and Mr. A. Li. Lewis, appointed to conduct Explorations 
with the object of ascertaining the Age of Stone Circles. 
(Drawn up by the Secretary.) 


In planning the arrangements for further excavations at Avebury Stone 
Circle, in continuance of the work done last year, the Committee were 
of opinion that the most satisfactory results were likely to be obtained 
from renewed examination of the silting in the fosse, particularly the 
lowest layers occupying the original bottom of the huge trench. It 
was also considered desirable, as a minor operation, to explore the 
ground at the base of one or more of the prostrate stones of the circle, 


» with a view to examining the original sockets in which the stones stood 


when erect. Instructions were accordingly given to Mr. H. Gray, whose 
services were again secured, to concentrate attention upon these two 
main objects. The details of the excavations, and the results ob- 
tained, are given in the appended report by Mr. Gray, and the Com- 
mittee have every reason to feel satisfied with the manner in which 
the work has been carried out, and the care with which the exact 
position of all ‘ finds ’ has been determined and recorded. 

To expose even a small area of the original bottom of the fosse is 
of necessity a work involving great labour, owing to the enormous 
amount of silting which must be moved; and in view of the smallness 
of the available grant, it was necessary to invite subscriptions from 
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other sources. The response made to the appeal for funds has been 
gratifying, substantial assistance having been forthcoming from 
societies and from private individuals. A list of donations appears in 
the accounts for the year, and the Committee take this opportunity for 
thanking those who have contributed so generously; without their 
assistance, work on any substantial scale would have been impossible. 
The Rev. E. H. Goddard very kindly undertook to collect subscriptions 
from members of the Wilts Archgological Society. The thanks of the 
Committee are also due to Lord Avebury and to Captain Jenner for 
permission to conduct excavations on their property; also to the Rev. 
T. G. Ward, Vicar of Avebury, for assistance in securing labourers. 
The Committee wish also to acknowledge gratefully the courtesy with 
which the Somersetshire Archeological Society made it possible for 
Mr. Gray to have leave of absence from Taunton during the period 
oi the excavations. 

The main result achieved from the deep cuttings in the fosse is a 
confirmation of the opinion arrived at last year as to the probable date 
of the monument. Additional positive evidence has been obtained from 
the objects discovered in the lowest layers of silting, and on the 
original bottom of the ditch. These in all cases are objects such as are 
characteristic of the Neolithic period, and although it would be hazard- 
ous to state definitely that they must be of Neolithic date and cannot 
belong to the Bronze Age, the negative evidence, afforded by a total 
absence of copper or bronze, and of objects which are certainly of 
Bronze Age, affords powerful confirmation of the probability of the 
earlier date being the right one. A transverse section of the fosse close 
to the modern road was expected to reveal the sloping sides of the 
causeway presumed to exist, connecting Kennet Avenue with the interior 
of the monument, since at first sight it seemed likely that the road 
would have followed the line of the causeway. No trace of the latter, 
however, appeared in this section, and as it was of considerable 
interest to ascertain whether or not such a causeway had existed, ex- 
ploring trenches were cut on the opposite side of the road, and the 
causeway was discovered to the east of the present roadway. This 
locating of the original line of approach to the interior of the huge 
circle is a most interesting result of this year’s excavations. 

Sectional and other plans of all the parts excavated have been pre- 
pared with very great care, and a large number of excellent photographs 
are now available. 

The grant from the Association having been expended together with 
most of the money raised by subscriptions, it becomes necessary to 
apply for a fresh grant to carry on the work. The Committee ask to 
be reappointed and apply for a grant of 75/., and also for leave to 
invite subscriptions in order to make up a sum sufficient for carrying 
out effective exploration. The huge scale of the earthwork renders its 
investigation comparatively costly and laborious, as the mass of silting 
in the fosse is very great. It is very desirable to continue the work 
next spring, in order that making good the already disturbed ground 
and conducting fresh exploration may proceed together. The ad- 
vantage, moreover, of being able to secure men who have already 
worked under Mr. Gray’s supervision is obvious, and some of those 
employed in this year’s excavations would no doubt be available next 
year; continuity in their employment would undoubtedly save much 
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trotible in training them to the work. ‘lhe thorough invéstigation of 
this splendid monument is of the greatest importance, and it is to be 
hoped that adequate funds may be available. 


The Avebury Excavations, 1909. By H. Si. Gzorar Grav. 


I. Introductory Remarks. 


In the report of the excavations, 1908 (Brit. Assoc. Reports, 1908, 
pp. 401-413), an epitome was given of the existing archeological litera- 
ture on Avebury, having reference to its stone circles, surrounding earth- 
works, and ancient remains in the immediate neighbourhood; and a 
summary representation of the opinions and observations of several 
authorities on Avebury, including Aubrey, Stukeley, Hoare, Crocker, 
W. C. Lukis, Fergusson, and the Revs. A. C. Smith and Bryan King, 
was also placed on brief record. In another section a condensed account 
was given dealing with previous and less extensive excavations which 
had been conducted in various parts of ‘ the Temple ’ between 1865 and 
1894; none of these, however, produced any definite evidence of date, 
for the reason, mainly, that scientific method in archeological field- 
work had not then attained to the standard aimed at in the present 
century. 

Having dealt with Avebury under these headings in the previous 
report, the present account will be almost confined to the excavations 
conducted from Monday, April 26, to Monday, May 17, the filling-in, 
completed this year, continuing till May 20. 


A maximum number of sixteen men was employed this season, eleven 
being engaged in 1908. The weather was highly favourable during the 
three weeks, only four hours being lost owing to rain. Last year we were 
much hindered by falls of silting from the almost vertical sides cut as the 
digging penetrated into the lower levels of the great fosse. But, having 
grown wiser, we left a considerable batter to the faces of the silting this 
season, at the expense, however, of uncovering a relatively shorter length 
of bottom of the fosse. 

A number of sectional diagrams were made as the work proceeded, in 
which the various soils were indicated, and the exact position of every 
object of importance found during the exploration was projected into these 
sections, notes being made relating to each numbered ‘find.’ Eleven 
sectional drawings and plans were made, and a scale map of the whole area 
excavated in 1908 and 1909. An average section of the southern fosse 
having been given in the Report of 1908, it will be unnecessary to publish 
another on the present occasion, the previous one being fairly representative 
of the other sections made for the sake of careful record and precision. 

Twenty-two satisfactory photographs (half-plate) were taken during the 
season and sixteen last year, some showing the progress in the excavations 
from time to time as new features presented themselves, others being 
interesting views of various parts of ‘ the Temple’ taken under favourable 
conditions of light. 

The excavations were visited by some of the members of the British 
Association Stone Circles Committee, by Fellows of the Society of Anti- 


* The foreman on this occasion (J. Lush) had previously done deep digging in 
the chalk at the Maumbury Rings excavations at Dorchester last year, 
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quaries, and by members of the Wilts Archeological Society, and Marl- 
borough College Natural History Society. 

Most of the excavations have now been filled in, but Cutting IT Grouch 
the fosse has been left open for the inspection of visitors during the 
summer, 


Il. Geological Note. 


Avebury is on the Middle Chalk, but Mr. A. J. Jukes-Browne, 
F.G.§8., informs us that the area has not yet been accurately mapped, 
and it is uncertain whether the site stands on the Terebratulina gracilis 
zone or that of Rhynchonella Cuvieri. Of the fossils from the Avebury 
fosse, 1909, all are Inoceramus mytiloides except two, which are Rhyn. 
Cuvieri. Mr. Browne also reports that ‘ the evident abundance of Inoc. 
mytiloides is greatly in favour of the zone of Rhyn. Cuvieri; they are 
seldom abundant in that of Terebratulina, which always consists of 
fairly soft white chalk, while that of Rhyn. Cuvieri is harder, more 
nodular, and often yellowish.’ 

Iron pyrites were commonly found in the fosse cuttings. 


III. Excavations into the Fosse. 


(a) Cutting I.—Rather more than three-quarters of the silting from 
this cutting was re-excavated last year. It was 24 feet long, all the 
upper deposits down to the top of the Roman stratum being removed 
in 1908, and a length of 17 feet cleared at the bottom (B.A. Report, 
1908, pp. 408-410. It remained, therefore, to uncover 7 feet on the 
FE. margin this year. Roman pottery was found at depths of 5-7 and 
G feet respectively, and a human clavicle, depth 8°5 feet). The mixed 
silting was reached at a depth along the E. margin of 9°1 feet (the 
depth on the W. margin being 8°7 feet).. After having penetrated the 
chalk rubble to a depth of 12 feet from the surface a large fall 
of several tons of material from the E. face had to be contended with, 
and, although the labour entailed thereby was considerable, the 
final results were satisfactory. Eventually the bottom along this 
margin was reached at a depth of 17°8 feet from the surface of the 
sitting, and we were rewarded by finding, in all cases on the floor, four 
antler picks (Nos. 131, 133, 185 and 136), which are described below. 
Cutting I produced in all (1908-09) parts of ten picks of red-deer antler 
and a shovel of shoulder-blade bone—implements which had been used 
in the original excavation of this huge fosse. 

But the most interesting discovery on the floor was the chipped: 
flint knife, a piece of flint full of sponge-spicules which appears to have - 
been slightly scorched but never burnt red-hot, and a piece of charcoal. 
The knife, described below, is not only of characteristic Neolithic type, 
but most probably of Neolithic date. It is of a kind frequently found 
on the site of an ancient factory of flint implements on Windmill Hill, 
about a mile to the N.W. of Avebury. 

The following objects were found in Cutting I in 1909 :— 


109. Fragment of thin grey Roman pottery. Depth, 6 feet. 

116. Handle of a vessel of grey pottery, painted brick-red; Roman. 
Depth, 5°7 feet. 

113. Greater part of a inte clavicle. Depth, 8°5 feet at the bottom of 
the fine mixed silting, 


or 
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111. Well struck narrow flint flake. Depth, 7 feet. 

132. Chipped flint knife of ovoid form, with a deep white patination; 
length, 89 millimetres; maximum width, 44 millimetres; the point appears 
to have been broken off. One face is quite roughly chipped; the other 
presents a smooth surface, although there are no indications of polishing; 
the cutting-edge on this face is finely worked. It was found resting on 
the bottom of the fosse at a depth of 17°8 feet below the surface of the 
silting, 8.E. part of the cutting. Close to it, also on the floor, were found 
the antler pick (No. 135), a piece of scorched flint, and a piece of charcoal. 

131. Small shed antler with brow- and bez-tines broken. The more 
perfect parts show no signs of wear, and it is uncertain if this specimen 
was ever used as a pick; the head shows no signs of hammering. Depth, 
17°8 feet on the bottom. 

133. Fine antler of slain deer, which has evidently been used as a pick; 
the bez-tine remains only as a short stump, but both the brow- and the trez- 
tine show considerable evidence of use, the former having a smooth rounded 
point, the finely developed trez-tine not being worn down, but the tip is 
extremely smooth. The grip of the handle is also smooth, as in No. 90 
found last year. The tool was also used for hammering on the side opposite 
to the brow-tine. Depth, 17-8 feet on the bottom. 

135. Pick, the shed antler being now missing beyond and including the 
trez-tine. The brow-tine is complete, showing signs of wear at the rounded 
point ; the bez-tine has been intentionally removed; the back of the burr 
bears indications of hammering. Found on the bottom of the fosse. 

136. Pick (present length, 204 inches) bearing considerable indications 
of prolonged use, the brow-tine being worn down to a length of 3 inches. 
The bez- and trez-tines remain only as stumps. The antler was shed. It 
is interesting from the fact that the base for a length of 4 inches from the 
burr is battered by hammering-to a very considerable extent, and un- 
doubtedly this tool had proved to be a most serviceable one. 


(b) Cutting II.—This cutting was pegged out last year also to a 
length of 24 feet, the W. margin being 69 feet to the FE. of the W. 
margin of Cutting I. Being nearer the road on higher ground, it was 
obvious there would be a greater amount of surface silting to remove 
than in Cutting I. Last year a length of 9°5 feet was dug to a depth of 
5°5 feet, and in the re-excavated material were found a number of shards 
of Norman and medieval pottery (B.A. Report, 1908, p. 410). It was 
at this point that we continued operations this year. The surface 
silting was found to extend to an average depth of 5:8 feet in the middle. 
Nothing worthy of particular record was found in it: but a number of 
shards of medieval date and even later, together with an Irish half- 
penny of George III and a seventeenth-century tobacco-pipe of clay, 
bearing the name of ‘ Thomas Hunt’ on the heel, were collected from 
depths varying from 1 to 3 feet. Another tray of pottery of similar 
character was preserved from depths of from 2 to 4°5 feet, and other 
Medieval fragments were found along the E. margin of the cutting at 
depths between 4°5 and 5:8 feet. The upper deposits had probably 
been disturbed, and further inquiries led me to believe that the surface 
of this part of the fosse had been cultivated up to the third quarter of 
last century. 

The next deposit—mixed silting, consisting of mould with a larger 
proportion of small pieces of chalk—extended to an average depth of 
10°3 feet in the middle. The lower 2 feet of this silting was found to 
be of a finer kind with a smaller admixture of chalk. 

Eight lots of Roman or Romano-British pottery were found in the 
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mixed silting at depths varying from 5 feet to 8 feet, all of which are 
described below. One piece (No. 118) was picked up at a depth of 
8°5 feet, but it may have tumbled down during the digging. Several 
pieces of pottery of Bronze Age type were also found in the mixed silting 
at depths between 8°5 and 9°5 feet and above the pure chalk rubble. 
This pottery was of the soft smooth hand-made cinerary-urn type con- 
taining few grains of quartz; one piece (No. 134) has a typical cordon 
or encircling ridge. This deposit also produced human remains in two 
places (Nos. 117 and 122) to a maximum depth of 9 feet. Flint flakes 
were also found, and four objects of flint, numbered 106, 110, 125, and 
138 below, including a good specimen’of an oval scraper. 

Between the mixed silting and the chalk rubble in the middle part of 
the silting, tapering in both directions, a seam of crystallised chalk, 
almost impenetrable to the pick-axe (indeed, it broke two points), was 
reached; it occurred at the same level in all the cuttings made. Car- 
bonate of lime had consolidated the chalk and rendered it as solid as the 
hardest concrete to a thickness of a foot in places. The workmen con- 
sidered it to be the bed of an ancient watercourse! In any case, there 
must have been a considerable soakage of water to deposit carbonate of 
lime in such quantity. 

Owing to the curvature of the stratum in the silting, the chalk rubble 
on the sides of the fosse extended almost to the top; in the middle it 
was reached at a depth averaging 10 feet. From here to the bottom, 
as elsewhere, silted chalk rubble only had to be removed, with thin 
seams of dark mould caused by the occasional falls of turf. A piece of 
early British pottery was dug up at a depth of 8°7 feet near the southern 
margin of the fosse. No other pottery was discovered, but four pieces 
of worked flint (numbered) were found at depths between 6°5 feet and 
9°5 feet (none in the middle depths of the fosse). 

The greater parts of two antler picks were found in deep positions, 
as described below. Six of these picks were recovered during the 
season. Since the Avebury Report, 1908, was written explorations at 
Maumbury Rings, Dorchester (which I had the charge of), revealed a 
Neolithic shaft, 30 feet deep, in the solid chalk below the floor of the 
Roman arena, in which no less than nine antler picks were found, some 
being in good preservation, two having the smoothed grips like some of 
the examples from Avebury and the Grime’s Grayves.! The Dorset 
County Museum contains parts of antler picks also from Jordan Hill, 
Fordington, Hambledon Hill, &c. 

Close to the bottom of Cutting I last year we found a fragmentary 
scapula in a shattered condition, its position, &c. (B.A. Report, 1908, 
p. 410), suggesting its use as a shovel of the character of those found in 
the Neolithic flint-workings at Cissbury, specimens from which may be 
seen in the British Museum and the Pitt-Rivers Museum at Oxford. A 
number of worked scapule, one being finely ornamented, were found in 
the Meare Lake Village. In the 1909 excavations at Avebury three well- 
defined specimens of these shovels were found in Cutting II fosse, two 
(Nos. 129 and 137) shoulder-blades of ox (Bos longifrons) being found 
on the floor of the fosse at depths of 18°5 and 18'8 feet respectively ; the 
other (No. 145) was a scapula probably of pig (Sus scrofa), found at a 
depth of 14°83 feet in the chalk rubble, having perhaps slipped down from 
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the valluim before it became turf-clad. The two shovels of scupule of ox 
measure 132 inches and 123 inches in length. In two cases (Nos. 129 
and 145) the large anterior spine has been cut away, or partly removed, 
and from this fact and the worn appearance of the three specimens, 
together with the great scarcity of other animal remains except the antler 
picks at such a great depth, we think it more than probable that they 
were used as shovels in the original excavation and clearing of the fosse. 

The bottom of the fosse, Cutting II, was just as smooth as in 
Cutting I, but it narrowed slightly. In Cutting I the width at the 
bottom varied from 16 to 17°3 feet. In the W. half of Cutting IL it 
varied from 11°8 to 17 feet; in the HE. half it averaged 14°3 feet. The 
walls of the fosse in the lower parts (Cutting IT) became steeper and 
were very uneven, there being considerable projections of hard chalk, 
left apparently for no particular purpose. We experienced no fall from 
the E. face of the silting, it being sloped as the excavation proceeded 
to the extent of 44 feet out of the vertical. The bottom was found to 
rise towards the-east slightly, and along the HE. margin a ridge (height 
about 0°9 foot) of solid chalk crossed the fosse as shown in one of the 
sectional diagrams; in the middle of the ridge was a slight hollow. We 
could not, of course, ascertain whether this sudden slight rise continued 
in an easterly direction. 

The depth of Cutting IL from the surface of the silting on the west 
was 18°8 feet ; on the east 20°5 feet; the difference being accounted for 
from the fact that the surface rises considerably towards the road. 


The following numbered ‘ finds ’ were recorded in Cutting II, 1909 :— 


126. Piece of base and rim of an early medieval pot, with fingermark 
indentations round the edge of the bottom. Depth, 3:2 fect. 

101. Piece of hard grey Roman pottery, painted brick-red inside and 
out; thickness, 7°5 millimetres. Depth, 5 feet. 

102. Fragment of thin Roman pottery, pale grey on the innev face, brick- 
red on the outer. Depth, 6:2 feet. 

104. Part of base of a coarse brown pot; Romano-British or Late-Celtic. 
Depth, 8 feet. 

108. Small piece of red pottery of a smooth, soft paste; Roman. 
Depth, 4°5 feet, near the wall of the fosse and in the chalk rubble just 
below the mixed silting. 

114. Several fragments of a lathe-turned vessel of brown ware of a very 
sandy texture; Romano-British. Depth, 5°8 feet. 

_ 115. Three fragments of Roman vessels of different qualities. One 
piece is of sandy texture like No. 114; another greyish-brown ware; the 
third a fragment of thin grey pottery painted brick-red on both sides. 
Depth, 6°8 feet. 

118. Piece of thin grey ware and a fragment of dark brown ware; 
Roman. Depth, 8°5 feet. 

130. Two pieces of Romano-British dark brown ware of sandy texture 
like No. 114. Depth, 7 feet. 

107. Small piece of soft British pottery, black on one side, red on the 
ae Depth, 87 feet, near the south side of the fosse, in the chalk 
rubble. 

119. Small fragment of pottery of British type containing small grains 
of quartz. Depth, 9°3 feet in the mixed silting, just below the Roman 
deposits. 

123. Four pieces of soft British pottery (the No. 2 type of Pitt-Rivers), 
reddish-brown in colour. One piece is ornamented with a row of three 
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finger-nail impressions. Another is the straight rim of a hand-made vessel ; 
the top of the rim is bevelled inwards; average thickness, 12 millimetres. 
Depth, 8°5 feet. 

134. Piece of thick soft British pottery of cinerary- urn type, black on 
the inside, brick-red on the outer surface. This specimen is crossed on the 
outer face by one of the typical cordons or ridges. Depth, 9°5 feet at the 
bottom of the mixed silting. 

117. Part of a human" femur and three-quarters of a humerus (least 
circumference, 59 millimetres). Depth, 9 feet in the mixed silting. 

122. Part of a human femur and radius. Depth, 7:9 feet in the mixed 
silting. 

105. Small flint scraper of long, narrow form, which from its position 
in the chalk rubble near the edge of the fosse might perhaps be of Neolithic 
date. Depth, 7°8 feet. 

106. Pointed implement of flint with thick white patination, having, 
slight traces of secondary chipping; length, 66 millimetres. Depth, 7 feet 
in the Bronze Age stratum of the mixed silting. 

110. Flint knife worked along one edge; length, 30 millimetres. Depth, 
5:3 feet in the mixed silting. 

112. Worked flint flake, with prominent bulb of percussion. Depth, 
6°5 feet near the margin of the fosse. 


120. Flaked flint knife of ovoid shape; length, 40°5 millimetres. 


Depth, 9°5 feet in the chalk rubble. Bronze Age or Neolithic. 

125. Flint scraper of bluish-brown flint, showing part of the crust, with 
bevelled edge. Depth, 6°8 feet in Bronze Age stratum. 

138. Oval flint scraper, 46 by 38 millimetres, with deep bevelled edge. 
Depth, 9°5 feet in the Bronze Age stratum. 

146. Flint core (? sling-stone). Depth, 9°5 feet. 

124. Pick of antler, worn out from prolonged use, very little now 
remaining of the brow-tine. The bez- and trez-tines exist as stumps. - The 
pick shows signs of having been used for hammering in the usual position. 
he smooth grip remains in a damaged condition. The antler is a shed 
one with a heavy straight beam. Depth, 18°8 feet, on the bottom of the 
fosse. 

128. The greater part of the beam of an antler pick, the base deficient, 
the trez-tine remaining as a stump. Signs of hammering in the usual 
position. Depth, 16°5 feet in the chalk rubble, near the bottom. 

129, 137, and 145. Bone shovels, previously described fully. 


(c) Flint Flakes.—These were numerous from Cuttings I, II, and 
II], and many of them were fine examples, with well-defined bulbs of 
percussion. The following were collected in 1908 and 1909 :— 


CuttingI. : ‘ E ; : ; 73 
CuttingII . 5 é : : ; x aiLeg 
Cutting III . . : : ; , : 99 
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The depths of all were recorded. In Cutting I, 8 were ome in the 
surface silting, 29 in the mixed silting, and 36 in the chalk rubble. Of 
these 1 was found at 11 feet deep, 1 at 14 feet, and 2 at 15 feet. 

In Cutting II, 18 were found down to 5 feet, 97 from 5 feet to 
10 feet, 2 at 11 feet, 1 at 12°5 feet, and 1 at 17°5 feet. 


In Cutting Lid 21 were found down to 6 feet, 65 from 6 feet to 


12 feet, and 13 from 12 feet to 13°5 feet. 
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(d) Cutting III.—The E. margin of Cutting III was only 6 feet W. of 
the middle of the western hedge bounding the modern road into Avebury 
from the south. A length of 14 feet of fosse was marked off for examina- 
tion. It was close to the gate of the high road, and was dug to ascertain 
if the fosse rounded off to form a solid entrance-causeway. 

Both Aubrey and Stukeley apparently show the position of the Kennet 
Avenue entrance into Avebury as being exactly on the site of the present 
road, and this fact rather led one to suppose that the fosse of the W. side 
of the solid entrance-causeway must have terminated in about the position 
of the present western hedge. But our excavation into the fosse of 
Cutting III proved that their plans are incorrect and misleading. 

In 1909 (B.A. Report, p. 410) we made several trial holes to 
ascertain the direction towards the east taken by the upper margins of 
the walls of the fosse exposed in Cutting II. Holes were made along 
both margins, and in all those nearest to Cutting II the solid chalk 

. upper border of the fosse-wall was revealed; but instead of the fosse 
narrowing it widened as it approached the hedge and road. 

This year before re-excavating a part of Cutting III we dug a trench 
about 32 feet long and 5 feet wide, connecting the northern face of 
Cutting II with the northern face of Cutting III, and clearly exposed 
the upper walls of the fosse. On the top of the solid chalk ‘ wall’ in the 
N.N.E. corner of Cutting II a slight platform was observed. It was 
found on excavation to continue a little towards the north, but judging 
(1) from the apparent hollows in the turf-clad inner bank for some little 
distance round, and (2) the fact that modern shards were found down 
to the solid chalk, it appeared evident that a recent excavation had been 
made here, perhaps for chalk, as in the much larger mutilation in the 
vallum opposite on the south. 

Having re-excavated Cutting III to a considerable depth we felt bound 
to complete the northern portion of it to the bottom, which the fine 
weather permitted us to do, but, as we shall see presently, we proved the 
existence and position of the ancient entrance-way on the E. side of the 
modern road. 

It soon became clear in digging Cutting III that the fosse approaching 

the causeway from the west not only maintained its great depth, but 
expanded considerably towards the point where it rounded off to form the 
causeway under what is now the high road into Avebury. (This will be 
clearly shown in the plan to be reproduced hereafter.) 

The top margin of the fosse in Cutting III proved to be 52 feet wide, 
and the whole of the filling to a depth of 5 feet was removed. This pro- 
duced no object of importance and consisted entirely of silt from the 
hedge and road and a loamy tenacious material said by the local people 

. to have been brought to this spot from the site of the ‘ New Bridge ’ across 

the Kennet stream on the Devizes road, a quarter of a mile S.W. of our 
diggings, when it was built. It entailed much manual work ta remove 
this ‘ dumped ’ material, but afterwards we came upon the same ancient 
deposits as occurred in Cuttings I and II, making ‘ finds ’ of pottery and 
a well-worn flint scraper (No. 140), described below. \ 

At length we reached the bottom at a depth of 23 feet from the surface, 
but nothing was found in the lowest depths but a scapula of sheep at 
18 feet ; and no remains actually on the smooth floor of the fosse, which 
was exposed for a width of 8 feet and a length averaging 3°8 feet. In no 
part of the excavations could one realise better the immensity of the 
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great fosse and the labour its construction must have entailed when 
metals were unknown in Britain. This inner slope of Cutting III was 
the finest example of cut chalk exposed in any part of the excavations ; 
and the uniformity of the slope and the absence of projections seemed to 
indicate that the fosse was originally excavated with greater care near 
the entrance-causeway than elsewhere. The average inclination of the 
fosse wall was at an angle of 634°, and covered a length of 26°5 feet on 
the slope; but the steepness of the profile in the lowest 6 feet was 
remarkable, being at an angle of 81°, the chalk resting in immense solid 
blocks in its natural condition. No ancient tool-marks were observable 
on the walls of the fosse, near the bottom or elsewhere. 

The following specimens were collected from Cutting ITI :— 


139. Fragment of the base of a medieval pot; depth, 6 feet. Medieval 
pottery was less plentiful in Cutting III than elsewhere; we have, however, 
a tray of shards from depths between 4 and 5°5 feet. 

144. Two small pieces of grey Roman pottery. Depth, 9°5 feet. 

143. Fragment of coarse brown pottery with smooth faces; apparently of 
Late-Celtic type. Depth, 11 feet. 

142. Fragment of light brown pottery containing very few grains; 
probably Bronze Age. Depth, 12:3 feet. 

140. Finely worked discoidal flint scraper bearing indications of con- 
siderable use, and having a deep bevelled edge. Depth, 9°5 feet in the 
mjxed silting. 

141. Roughly chipped implement. Depth, 9°5 feet in the mixed silting. 

147. Flint core, Depth, 12°5 feet in the mixed silting. 


IV. Excavations in the Position of the Ancient Southern Entrance. 


Cutting ITI having given us no evidence of the position or existence of 
a southern entrance into Avebury, we found it necessary to pay attention 
to the area to the east, on the other side of the high road, both near the 
two large standing-stones of the outer circle on the property of Lord 
Avebury and in the position of the plantation of beech trees owned by 
Capt. Jenner, the two properties being divided here by a barbed-wire 
fence. The trees were noticed to be planted on a slight ridge sa near th 
road that it was thought possible that it might be the result of a collection 
oi rubbish from the highway and elsewhere, and especially as the position 
is covered on the south by the end of the outer vallum which appears to 
obstruct any direct approach to the most northern remaining stone of the 
Kennet Avenue. But it was, on closer examination, observed that the 
slight ridge also extended towards the north into the meadow in the 
direction of the space (24 feet) which exists between the two remaining 
standing-stones of the outer circle. 


(a) Cutting IV.—-Forthwith we made a cutting (No. IV), length 
47 feet, width 5 feet, approximately at right angles to the ridge and 
23 feet from the most westerly of the standing-stones. Here we reached 
the solid chalk in the middle of the cutting at a depth of 2 feet from the 
turf, and there appeared to be no sign of a continuation of the fosse in this 
position. The same depth was maintained to the most easterly part of 
the cutting, but there were occasional dips in the chalk which appeared 
to have no special significance. At 28 feet from the eastern end there 
was a step in the solid chalk down to a depth of 3 feet from the surface ; 
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at 33°5 feet another step to a depth of 4 feet from the surface ; then a level 
floor for about 5°5 feet, followed by a gradual slope downwards to a depth 
of 4°5 feet. Having almost reached the hedge we could go no further. 
But we had struck the causeway and what appeared to be steps down to 
the brink of the ancient fosse at its termination on the west of the entrance. 

A large number of shards, glazed and unglazed, were found between 
the turf and a depth of 18 inches in the middle parts of the cutting; 
all of which appeared to be medieval and later ware. In the deeper part 
on the west a few pieces of brown pottery, which we regarded as medieval, 
were found in or on a distinctly blackish-brown seam of mould, the result 
probably of disturbance at such a time as the modern bank and hedge 
were made. 


(b) Cutting V.—The next cutting made was close to the fence on 
Captain Jenner’s property. The western half was cut 5 feet wide, the 
eastern 3 feet. It was begun close to the road-fencing and continued 
in an easterly direction for a distance of 54 feet. At 29 feet from the 
eastern end the solid chalk was reached at a depth of 1°4 foot from the 
surface—the level of the ancient causeway. From this point east- 
wards the surface of the ground sloped towards the eastern fosse ; 
likewise the solid chalk sloped downwards gradually, not evenly, but 
in rough shallow steps. At 50 feet from the western end of the cut- 
ting the solid chalk shot down suddenly at an angle of 46°, at which 
point the brink of the eastern fosse was undoubtedly reached. The 
western end of the cutting is more difficult to describe, because we met 
with a modern earthenware drain-pipe, for draining the surface-water 
from the modern road into the eastern fosse, the placing of which had 
destroyed the contour of the solid chalk as left by the constructors of 
the causeway. (The sectional diagram of this cutting shows the line 
of the chalk as it exists at present.) 


(c) Cutting VI.—Another cutting (length 56 feet, width 2°5 feet) 
was made close to and parallel with the barbed-wire fence, and on Lord 
Avebury’s side. This revealed the solid chalk running level for a 
length of 26 feet, the nearest part of the surface of the turf being 
at a depth of 1°6 foot. At 19°5 feet from the west end of the cutting 
the solid chalk dropped in two steps towards the western fosse, in the 
same manner as described in Cutting IV. At the east end of the cut- 
ting the chalk sloped off very gradually. 


(d) Cutting VII.—This narrow cutting was dug amongst the beech 
trees on the Jenner property. The length examined was 50 feet, but 
a part in the middle had to be left untouched on account of the large 
roots of the trees. This cutting gave clear evidence that the causeway 
was 24 feet wide at the top in this part, and at a minimum depth of 
1'8 foot from the surface. From the margins of this ancient road of 
solid chalk, rough steps downwards were traced in both directions. In 
the eastern half the brink of the fosse was reached at a distance of 
14 feet from the eastern margin of the top of the causeway, from 
which point the solid chalk had been cut abruptly downwards at an 
angle of 519°, into the depths of the fosse below. . 

No relics of datable importance were found in any of these cut- 
tings. 
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V. Excavation round a Prostrate Stone. 


The fallen sarsen stone chosen for examination this year is one of 
a group of five (two standing, three fallen) forming the south and 
south-west portion of the southern of the two inner circles. It is the 
most southern of the remaining prostrate stones of this circle, at a 
distance of 144 feet to the north of the most western of the two 
standing-stones near the entrance. Before excavation the stone was 
seen to have fallen in a southerly direction, the north end being con- 
siderably covered by turf. The digging was carried down to the solid 
chalk on all sides except the south and south-west. 

This digging proved (1) that the stone measured 16} feet long by — 
12 feet wide; (2) that it had fallen in or since medieval times ; (8) that 
a socket-hole had been cut into the solid chalk to a depth of 1°5 foot, 
roughly shaped to receive the base of the stone; (4) that for additional 
support the stone had been packed round with a considerable number 
of blocks of sarsen measuring from 4 inches to 16 inches across; (5) 
that the base of the stone had been set at a depth of 4°3 feet from the 
present surface of the field; and (6) that the base of the stone in its 
fall had kicked out in a northerly direction only to the extent of 2 feet. 
_ A number of shards were found in this excavation, but nothing was 
apparently of earlier date than Norman times. Between the surface 
and a depth of 2°5 feet, and above the level of the socket-hole cut 
into the solid chalk, this medieval pottery appeared to be plentiful 
enough to indicate the former existence of some kind of a dwelling 
close against the stone, and it is possible that shelter for a number of 
years together may have been taken in close proximity to these huge 
standing-stones. Some of the pottery was found under the north end 
of this prostrate stone; it was, however, observed that the shards 
were close against the stone, and none below the level of the natural 
bed of the solid chalk. 

A scale plan and two sectional diagrams were made of this ex- 
cavation. ; 


VI. Animal Remains. 


Last year were found the remains of ox (of two sizes), horse (of two 
sizes), sheep, red-deer, ? roebuck, pig, dog, fox, ? wolf, and fowl. Some of 
these were kindly identified by Mr. E. T. Newton, F.R.S. 

_ Besides the red-deer antler picks and the shovels of scapul@ previously 
recorded, the following animal remains were found this year :— 


Cutting ‘IL. 


Ox.—Humerus, depth, 6°3 feet in Roman stratum; tibia with ends 
missing, depth, 9°5 feet in Bronze Age stratum; part of radius of a young 
animal,’ depth, 18°5 feet on bottom of fosse; metacarpus of large ox 
(length, 240 millimetres ; estimated stature, 4 feet 9 inches), depth, 7°5 feet 
in Roman stratum ; two digits,’ depth, 7 feet. 

Red Deer.—Two pieces of tine of antler, depth, 8 feet in mixed silting 
(No. 121 in section); smooth piece of tine of antler, depth, 10-2 feet at 
bottom of mixed silting (No. 127 in section); part of a metacarpus,' 
depth, 9 feet: 

“© “Mole.’—Scapula and sternum; depth not recorded. 

Toad.'—Tlium ; depth not recorded. 


1 Identified by Mr. E. T. Newton, F.B.S. 
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Cutting III. 


Three teeth of horse; depth, 9°5 feet in Roman stratum. 
-Astragalus of ox; depth, 9°5 feet in Roman stratum. 

Digit of red-deer ;' depth, 11:5 feet in mixed silting. 
Scapula of sheep ;' depth, 18 feet in chalk rubble. 

Lower jaw of dog,’ smaller than a retriever; depth, 4°5 feet. 


VIT. Concluding Remarks. 


The season’s work, considering its short duration of three weeks 
for an undertaking of such magnitude, has in many respects been 
more interesting and eventful than the opening excavations of 1908. 
The main results of 1909 embody (1) proof of the existence and position 
of an ancient entrance into ‘the Temple’ from the south, 7.e. from 
the direction of the Kennet Avenue, and (2) a considerable strengthen- 
ing of the evidence obtained last year towards solving the difficult pro- 
blem of the date of construction of Avebury, or, at any rate, of the 
great fosse surrounding the circles. The finding of a worked flint knife 
with every appearance of great age and of typical Neolithic form on 
the bottom of the fosse, is, we think, almost sufficient in itself to 
assign Avebury to the Neolithic period, rather than to the early Bronze 
Age—to which period Stonehenge is referred on fairly strong evidence. 

It is also necessary in considering date to draw attention to the 
position of the pottery of Bronze Age type, most of which occurred 
about half-way down in the- accumulated silting, showing that it 
became deposited when the fosse had become filled to a considerable 
extent; and some of the early British pottery was found in the mixed 
silting immediately below the Roman stratum. 

In addition to the knife the bottom of this vast fosse has revealed 
several picks of antler and shovels of bone to the exclusion of other 
tools, and although there is no reason why such implements should 
not be used in later times, those found at Avebury are of precisely the 
same type as those of undoubted Neolithic age discovered in some 
quantity at Cissbury, the Grime’s Graves, and in the Neolithic pit at 
Maumbury Rings. We have now little or no hesitation in regarding 
the fosse of Avebury as being of Neolithic construction; but it would 
be highly desirable, if not advisable, to make one or two cuttings more 
into a fosse affording the variety of interest which the Avebury one 
does. It must have been a most imposing sight—never to be blotted 
out from one’s memory—to see that stupendous fosse open to the 
bottom all the way round. 

Now that we know the position of the southern entrance it would 
be highly interesting to excavate the rounded end on its eastern side. 
The beech-trees and the modern road would not be hindrances in this 
position, and it would be necessary only to remove some scrub and 
small bushes. The silting not being so high as in the parts already 
examined, and probably at no time under cultivation, the labour en- 
tailed in re-excavating this part would be proportionately less than in 
this year’s cuttings. 

It would also be desirable to prove whether an entrance-causeway 
exists at the north of Avebury; and there are other details to clear up 
in regard to the southern entrance. In the latter work this year we 

* Identified by Mr. E. T. Newton, F.R.S. 
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were pressed for time, and were hindered in determining the exacl 
width and form of the causeway throughout its whole length, and our 
work was also impeded by the plantation of beech-trees. 

As far as the causeway could be examined, the top, found at an average 
depth of 1°7 foot from the surface, was about 24 feet wide. On either side 
the level of the solid chalk gradually receded as if sloping off to meet 
the upper margin of the walls of the fosse in the form of rough steps 
not always well defined. The brink of the eastern fosse was followed 
in two places only. On the west such obstacles as the wooden fence, 
the bank and hedge, and the road itself, prevented any exact determina- 
tion of the manner in which the western fosse finished and the cause- 
way began. However, the existence of the entrance-causeway is a 
proved fact, the portals to the central area being represented by the 
two great standing- stones of the outer circle still in their original] 
position. 

The vallum now remaining nearest to the causeway would appear to 
have obstructed the entrance-way from the Kennet Avenue, but this is 
not really so, for allowance must be made for the silting down of the 
material composing the vallum at its end, forming a talus, and 
for the fact that other beech-trees have been planted in this position, 
caused obstruction, and gathered round them a certain amount of de- 
cayed vegetable matter. 


VIII. Grants and Subscriptions. 


In addition to the grant of 801. made by the British Association for 
the excavations of 1909, the following private donations and grants 
were kindly subscribed to the fund :— 


£8) a 
Society of Antiquaries of London . 25 0 0 
Lord Avebury, D.C.L., F.R.S. (1908-9) . 20 0 O 
W.-M. Tapp, LL.D., F.S.A. . : 2 : 5 0 0 
‘The Hon. John Abercromby, F.S.A. (Scotland) 5eOleO 
Marlborough College Natural History Society . 5 0.0 
British Archeological Association . sis TO 
Mrs. Eustace Smith and Salen A. Smith, F. 8. A. 100 
J. Challenor Smith, F.S.A. . ; 010 6 


And the following donations from the Wiltshire Archeological 
Society :— 


W. Heward Bell, F.S.A. . 

Sir Prior Goldney, Bart., ‘OV. 0, C.B. 
Lord Edmond Fitzmaurice 

F. H. Goldney : 

N. Story Maskelyne, F. RS. 

G. J. Buxton . ’ 
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Notes and Queries in Anthropology.—-Report of the Committee, 
consisting of Mr. ©. H. Reap (Chairman), Professor fatal is 
Myrzs (Secretary), Professor D. J. CunntncHAM, Mr. E. N. 
Faupaize, Dr. A. C. Happon, Mr. T. A. Joycr, and Drs. C. 5. 
Myers, W. H. R. Rivsrs, C. G. SELIGMANN, and F. C. 
SHRUBSALL, appointed to prepare a New Edition of * Notes and 
Queries in Anthropology.’ 


Tur Committee have continued the work of preparing the new edition 
of Notes and Queries in Anthropology, and expect to print and publish 
it in the course of the coming winter. Until the precise size of the new 
edition is determined by final revision it is premature to enter into 
a contract with a printer. The Committee have, therefore, incurred no 
expenditure on this head, and retain intact the grant made by the 
Association in 1908; but the whole of this grant will certainly be re- 
quired, unless the new edition is found to be much shorter than the 
old one. The Committee therefore ask to be reappointed, with the 
balance in hand, 


Anthropological Photographs.—Report of the Committee, con- 
sisting of Dr. C. H. READ (Chairman), Mr. H. 8. KINGSFORD 
(Secretary), Dr. T. AsHBy, Dr. G. A. Aupen, Mr. H. 
Baurour, Mr. E. N. Fauuaize, Dr. H. O. Forsss, Dr. A. C. 
Happon, Mr. E. Srpney Harrnanp, Mr. KE. HEAwoop, 
Professor J. lu. Myres, and Professor FLINDERS PETRIE, 
appointed for the Collection, Preservation, and Systematic 
Registration of Photographs of Anthropological Interest. 
(Drawn up by the Secretary.) 


Tur Committee have to report that, as no grant was received last year, 
and the balance in hand has all been expended, no additions to the collec- 
tion have been made since the last meeting of the Association, as it is 
useless to accept prints for the collection if it is not possible to mount 
and store them. 

The Committee, first appointed in 1899, have received nothing 
beyond the initial grant of 10/., which has now all been expended. Over 
a thousand photographs have been received and mounted, while in 
addition to this other collections, numbering some three thousand sub- 
jects, have been registered, catalogued, and made available to students. 
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Anthropometric Investigation in the British Isles.—Report of the 
Committee, consisting of Professor D. J. CUNNINGHAM (Chair- 
man), Mr. J. Gray (Secretary), and Dr. F. C. SHRUBSALL. 


AurHouau the last report of the Committee was considered to be tinal 
as regards the method of anthropometric investigation, it was thought 
advisable to reappoint the Committee to act as an organising centre to 
promote the establishment of anthropometric investigation among all 
classes of the population of the British Isles. In this direction im- 
portant work has been done during the past year. 

In October last the Secretary, at the request of Dr. Rawson, the 
Principal of Battersea Polytechnic, instructed his medical officer in the 
method of carrying out measurements in accordance with the Committee’s 
scheme. 

The importance cf installing anthropometry in public schools was 
brought under the notice of the Headmasters’ Conference on February 10 
last, and their co-operation was asked for. In reply, a letter, dated 
May 21, was received from the Secretary of the Headmasters’ 
Conference Committee, suggesting the issue of a short circular explaining 
the items of information that it was most important to collect. In 
response to this suggestion a memorandum was drawn up and sent out 
by the Anthropometric Committee to the headmasters of 107 public 
schools. It is hoped that this action will result, in the course of time, in 
the general establishment of anthropometry in public schools. 

Measurements are now being carried out generally under the direction 
of the medical officers of the education authorities, in primary.schools, 
and in a certain number of provided secondary schools. But there is still 
a wide field among secondary schools for both boys and girls in which the 
Committee could do‘good work. 

The 1908 Report of the Committee on anthropometric method has 
been issued as a separate publication by the Royal Anthropological Insti- 
tute (price 1s. net). This will make the scheme of the Committee avail- 
able, in cheap and convenient form, to all who propose to undertake 
anthropometric work, and will ensure the uniformity which is so essential 
to make the results of different measurers comparable. 

The Committee recommend that they should be reappointed, with a 
grant of 51. for printing or typing circulars, postage, stationery, &c. 


Archeological Investigations in British East’ Africa.—Interim 
Report of the Committee, consisting of Mr. D. G. Hogar, 
(Chairman), Dr. A. C. Happon (Secretary), Mr. H. BAtFour, 
Mr. C. T. Curreniy, Dr. H. O. Forses, and Professor J. L. 
MYRES. 


No practical steps have been taken this year with regard to field-work in 
British East Africa, but the Secretary has received from local Govern- 
ment officers information as to localities which it is proposed to investi- 
gate, and estimates as to the cost of the expedition and other details of 
a practical character. 
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Archeological and Ethnological Researches in Crete.—Interim 
Report of the Committee, consisting of Mr. D. G. HoGartH 
(Chairman), Professor J. L. Myres (Secretary), Professor 
R. C. Bosanquet, Dr. W. L. H. Duckwortu, Dr. A. J. 
Evans, Professor A. MACALISTER, and Professor W. RIDGE- 
WAY. 


Tue Committee have received the following reports from Mr. C. H. 
Hawes, who was able to return to Crete in the spring of 1909. In view 
of the important results outlined in this report, and of the possibility 
of a longer stay in Crete than Mr. Hawes originally contemplated, the 
Committee ask to be reappointed, with a further grant. 


Report from Mr. C. H. Hawes. 

Owing to the exigencies of printing and publication the present report 
has to be written at the outset of the expedition, and must therefore be an 
interim one. The report presented at the Dublin meeting last year re- 
sumed some of the results of a statistical study of the anthropometric 
survey made in 1905, and mentioned the lines of further research sug- 
gested by that study. 

A piece of good fortune was met with at the opening of this 
season’s work. During October 1908 four skulls, two portions of other 
crania, several pelvic and long bones came to light in the course of 
deepening a well in the alluvial bank of an ancient river ten minutes 
east of Candia. The argillaceous deposit in which they lay had acted 
as a natural plaster of Paris, and we are now in possession of human 
osseous remains of not later than the Middle Minoan III. period in the 
most extraordinary state of preservation. Complete measurements and 
observations have been made upon these, and I hope to publish them 
at an early date with a comparison of those discovered by Dr. Duck-: 
worth in 1903. 

As I write I am about to set out for the small villages dotting the 
mountains which shut in to the south the richest and biggest plain in 
Crete, the Messara. Here and elsewhere in isolated mountain hamlets 
I hope to find the oldest element in the present racial mixture in Crete— 
the * offscourings of the plains.’ 

In attacking the problem of how to discover or uncover the ancient 
stratum among the modern people, I have addressed myself to the task of 
finding out and isolating, if possible, alien elements of historical times. 
Representatives of Turkish and old Venetian families have been ap- 
proached, and genealogical, traditional, and historical information 
garnered, with a view of testing it anthropometrically. For example, 
one. village at which I am to stay this week claims to contain only. 
descendants of Venetians who have strictly refused exogamous marriages. 
A small Armenian colony has existed in Candia since the Turkish occupa- 
tion in 1669, and inasmuch as the Armenoid type of head is met with in 
the east end of the island, whether of historic or pre-historic date, this 
little band of settlers is being measured. Albanian influence has been 
suspected in Crete, and rightly so, since for various reasons the Turkish 
Janissaries in the island included large numbers of these Europeans, and 
considerable mixture resulted. In view also of the Dorian occupation of 
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Crete and the belief in certain quarters that Illyria largely furnished the 
Dorian hosts, it seemed important to get at the Albanian type. Records 
of these and other peoples to be met with in the island were in my posses- 
sion, but I was anxious to attempt the method of race analysis by contours 
of the living head. During my short stay at Athens I was able, by the 
aid of Mr. Steele, of the Lake Copais Company, to pay a flying visit to an 
Albanian village in the mountains to the north-east of the lake. There, 
in the village of Martino, reputed to be the purest of five such, I measured 
forty individuals and obtained contours of their heads by means of an 
instrument which I had just completed. 

It is as yet too early to speak of the value of this method of race 
analysis. Its advantage in sharpening and correcting visual impres- 
sions of head shapes is obvious; but I hope to be able to show after 
several months’ test that a new weapon has been forged, with which to 
attack the very difficult problem of race analysis. Contours obtained 
at random from Albanians of the islands of Hydra and Spetza coincided 
exactly with the type from Martino. 

The problem has been attacked from another direction. What modi- 
fication of the cephalic index and the shape of the head has been effected 
by artificial deformation or formation of the head? I am indebted to 
Professor Macalister for calling my attention to the importance of this 
factor. It is acustom which is far more prevalent than is dreamed of, and 
thousands of people in this island, mostly of the male sex, are unaware 
of a custom which is universal except among fhe Mussulmans and the 
better educated minority of the urban population. As to the reason and 
methods of such head shaping, I hope to enter into details in a separate 
paper. ‘The first object was to gauge the effect on the cephalic index and 
the contours. At the outset it is necessary to distinguish between the 
results of intentional formation and involuntary deformation due to the 
lying on hard surfaces. For these purposes I am making comparisons 
between subjects who have or have not undergone head shaping, and 
between those who have or have not suffered from a pillowless infancy. 
Striking examples of the latter are to be found among the small colony 
of Epirote bakers, who, owing to the extreme poverty of their parents at 
home, the circumstances of which I shall enter into more fully elsewhere, 
possess the most extraordinary and incredible head-shapes it has been 
my lot to see. Similar observations are being made upon the Armenian 
settlement here. Observations on these two extreme forms of head will 
prove instructive in comparison with the results of similar, though modi- 
fied, treatment of the Cretan native. Further, whole families of Cretans 
are under observation, and measurements and contours have been taken 
of them, including children who have or have not been bandaged in their 
infancy, from the age of fourteen days up. 

In addition to these researches, which are in progress, I have been able 
to garner from a cave, where are carelessly consigned the bones of many a 
deceased Cretan of to-day after a short burial in the cemetery, some hun- 
dred bones from all parts of the skeleton, saving, unfortunately, the 
cranium; and thus a comparison is possible between skeleton and 
skeleton of ancient and modern times. Two collections of hair, repre- 
senting a series of shades, have been made for me by Orthodox and 
Mussulman barbers in Candia. 

Crete appears to me to be a more than ordinarily instructive and 
significant field of research, and I hope that in the short time at my 
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disposal I may find answers to some of the many questions which open 
up at every turn. 


Further Report from Mr. Hawes. 


This report is made within a week of my return from Crete, and 
claims to be no more than a statement of the work accomplished and 
the material gathered. 

I left England on March 24 of this year, and reached Athens on 
March 31, whence I visited the village of Martino, in the mountains 
to the north-east of Lake Copais, in order to get a series of measure: 
ments and head contours of reputedly pure Albanians for comparative 
purposes by a new process described below. 

I landed in Crete on April 9 and remained on the island until 
July 18. Returning to Athens, a short expedition was made to Leonid- 
hion, in the Peloponnesus, and England reached direct on August 5. 

During the stay in Crete the remarkably preserved skulls and long 
bones belonging to the Middle Minoan period, recently discovered near 
Candia, were carefully and completely measured and compared with 
those previously discovered. For comparison with these, twenty-six 
skulls of nineteenth-century Cretans at the monastery of Arkadhi and 
twenty-eight skulls of eighteenth and nineteenth century Cretans at the 
monastery of Aghia Triadha, in Akrotiri, were measured and contoured. 
Four journeys on horseback, aggregating about seven hundred miles, 
were made for the purpose of measuring and contouring living subjects 
in special areas of the island; while every eparchy was traversed and 
sampled. Particular attention was paid to the highland peoples, and 
especially to those inhabiting the mountains to the south of the Messara 
plain, Sphakia and Lasithi. In the last case the various outlets were 
carefully tapped for comparison with the peoples aboye in the high land 
and those below in the plains. 

Censuses of hair and eye colours were taken at schools throughout 
the island. In Candia and elsewhere the prevailing custom of the head- 
bandaging of infants was studied, and measurements, head contours, 
and photographs were taken of children of nine days old and upwards. 
Colonies of Armenians and Epirots were also included in my investiga- 
tions. Finally a hundred photographs of various types were taken. 

Tn all 1,693 persons were measured and about 1,650 contoured. Of 
these 1,576 were examined in Crete, but this number includes many 
foreigners. If we exclude all with known forbears from outside the 
island, as, e.g., the Adgean and Ionian islands, and add the 200 records 
of Dr. Duckworth (1903) and my own 1,442 previous records (1905), 
we have in all, for the principal measurements, about 2,900 Cretan 
subjects represented. Of the 117 persons measured outside of Crete 
the majority hailed from Martino and Leonidhion, the latter, according 
to philologists, speaking the most Dorian dialect of Greek extant. 

The most striking aspect of my anthropometrical work this year 
in Crete is the application of a new method of race analysis. I had 
only just completed before starting an instrument with which I intended 
to delineate the forms of living heads, and to pose these drawings in a 
scientifically comparable position. Though I have included among the 
head contours the transverse and the horizontal, I have finally relied 
upon the sagittal curve as the most significant. 

The significance of this became apparent when, in experimenting 
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with Albanians of Martino, in North-Kast Greece, and others from the 
islands of Hydra and Spetza, I obtained practically identical contours, 
and when these again differed from the bulk of the Cretans. In Crete 
I frequently determined, to his astonishment, the local provenance of 
an individual merely by his contour. Speaking generally two types 
of head contour, strikingly distinct, are iound in the island to-day, one 
associated with dolichocephaly and the other generally with brachy- 
cephaly. This latter type is found most commonly in Sphakia, a region 
naturally isolated, where the people are also less mixed, by reason of 
the custom of endogamy. By tradition and dialect the Sphakiots are 
more Dorian than the rest of the island. These types have connections 
outside of Crete which point north and west, but we stand badly in need 
of head contours for comparison. 

It is obvious, if this method proves so rapid and incisive a criterion 
of race analysis in an island which, when all mean measurements are 
taken into account, is fairly homogeneous, that it might be applied with 
advantage over greater areas, where bigger contrasts are available. 
Further, it may enable us to determine the type or types of the pre- 
historic migrants. It bears testimony to the permanency of head form, 
in that, among others, a Late Minoan skull from Knossos is a type 
well represented among the nineteenth-century skulls at the monastery 
of Arkadhi. The problem of the origin and connections of the blue- 
eyed people of the higher altitudes of the Mediterranean and the greater 
problem of the connection between the short, dark dolichocephal of the 
Mediterranean and the tall, blonde dolichocephal of Northern Europe 
seems to me to await confirmation by this method. I have already 
made a beginning in measuring and contouring 161 foreign troops— 
French, Italian, and Russian—in Canea, but main types throughout 
Europe should in my opinion be contoured without delay. 

The instrument referred to above will be more fully described and 
illustrated later, but a brief description is appended here. 

The first portion, for obtaining the sagittal curve or contour, is a 
simple solder wire (half lead and half tin) one-eighth of an inch in 
diameter, cased in a rubber tube. This is found .to be plastic, yet firm 
enough to withstand alteration in handling and posing. The instrument 
for posing the rubber-cased wire is of aluminium, and consists of two 
legs at right angles braced. These are scaled and pierced with slots, in 
which small square frames work. The frames hold false pencils, also 
scaled, which slide at right angles to the plane of the aluminium frame. 
At the angle, but exteriorly, is a detachable ear-piece, to insert in the 
auditory meatus. 

The base-line adopted is that of the Frankfort agreement, and the 
object of this instrument is to determine the position of the curve in 
relation to this. The wire, having been shaped to the head, is left 
in position, and the instrument is held with the ear-piece in the ear- 
hole, and one leg pointing vertically and the other horizontally in the 
Frankfort base-line. Thus held it is only necessary to chalk the rubber 
where the legs cross it; but, as the legs, held at the side of the head, 
are at a distance from the rubber-cased wire in the median plane of 
the head, the false pencils are pushed through to meet it. The square 
frame and the false pencils can all be set to scale before applying to the 
head if the usual measurements have been already made on the head, 
or merely the breadth, the auricular altitude, and an additional auricular 
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radius to the point on the nose, where the extension of the Frankfort 
base-line crosses it. This method gives greater accuracy and saves 
time. 

The chalk-marked wire is now ready to pose on the paper. The 


paper which is recommended is millimetre-ruled paper of about type- 


writer size, as supplied to schools. With plain paper it would be 
necessary carefully to place the instrument, withdraw the ear-piece, 
slide through the pencils, and mark the vertical and horizontal positions. 
With millimetre paper it is only required to read the scales and mark 
the paper accordingly. It is then a simple matter to pose the wire 
so that the chalk marks coincide with those marked on the paper, and 
to draw the curve, the rubber being found to cling well to the paper. 
The curve or contour thus taken begins in my examples at the inion 
and ends at the point on the nose crossed by the Frankfort base-line. 

A description of this sort is naturally difficult to follow and gives 
a false idea of complication. I have found after some practice that the 
fitting of the rubber-cased wire on the head, the setting of the scales, 
and the posing and drawing, take on an average a minute and a half. 

To obtain the transverse and horizontal contours the latter instru- 
ment is not required, the wire being sufficient. In the case of the 


horizontal contour, the position of the auditory meatus on each side 


should be chalked. 

_ For a long time the need has been felt of something to supplement 
the cephalic index. In small areas or regions of comparative homo- 
geneity, a less clumsy, more refined criterion is required, and I believe 
we have it in the contours of the head. The cephalic index was the 
result of the search after some mathematically comparable representa - 


tion of the head form, but its most loyal adherents have felt the need 


of some more adequate description. A natural revolt was seen in Pro- 
fessor Sergi’s methods and attempts at classification according to the 
pictured or observed head forms. There are, however, two obvious 
and important objections to the application of his methods to the living 
subject. First there is the drawback of the personal equation in descrip- 


‘tions of the shapes of heads, and secondly there is the impossibility 


in many cases—and this is a more serious objection than the layman 
would think—of getting a true visual impression of these shapes, covered 


‘as they are (and too often concealed) by hair. These two objections 


resolve themselves into one, and one which, I hope, the instrument 
I have described removes. It provides us with a means, until now 
wanting, of scientifically obtaining and recording the actual head-form 


‘of the living. 


Archeological and Ethnological Investigations in Sardinia.— 
Report of the Committee, consisting of Mr. D. G. HoGarTH 
(Chairman), Professor R. C. Bosanquer (Secretary), Dr. T. 
Asupy, Dr. W. L. H. Duckworts, Professor J. Li. MyREs, 
and Dr. F’. C. SHRUBSALL. 


Dr. Duncan Mackenzin, honorary student of the British School at Rome, 
returned to Sardinia at the end of September 1908, and stayed there till 


the middle of November. He was accompanied for part of the time by 
: - - ; u2 
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the director, Dr. Thomas Ashby, and by an architectural draughtsman, 
Myr. F. G. Newton, student of the school. 

Their new observations have materially increased our knowledge of 
the two main groups of Sardinian megalithic monuments, the Nuraghi 
and the ‘ Tombs of the Giants.’ The previous year’s work made it clear 
that the former were fortified habitations. Dr. Mackenzie has now visited 
other examples and recorded variations of type and peculiarities of con- 
struction. The most remarkable is the Nuraghe of Voes in the Bitti dis- 
trict towards the north of Central Sardinia. Triangular in plan, it con- 
tains on the ground floor circular chambers with bee-hive roofs : the usual 
central chamber and one in each of the three angles. The entrance is on 
the south and leads into a small open court with a doorway at each side 
leading to the chamber at the base of the triangle, and another doorway 
straight in front by which the central chamber is entered. There was an 
upper story, now destroyed, reached by a stairway of the usual type. 
Exceptional features are two long curving corridors in the thickness of 
the wall on two sides of the triangle, intended probably as places of con- 
cealment. Above them were others of similar plan, but both series are 
so low that the roof of the upper one is level with that of the bee-hive 
chamber on the ground floor. This skilfully planned stronghold must 
have been built all at one time; other large Nuraghi were originally of 
simpler design, and have grown by the addition of bastions and towers. 

A new type of Nuraghe was discovered at Nossia near the modern 
village of Paulilatino, in Central Sardinia. It is a massive quadrangular 
citadel of irregular rhomboidal plan with a round tower at each corner. 
These towers resemble the stone huts of the villages attached to some of 
the Nuraghi; they are entered from a central court-yard which here 
takes the place of the normal bee-hive chamber. It was partly filled with 
circular huts, so that this Nuraghe must be regarded as a fortified village 
rather than as the castle of a chieftain. 

The dwellers in these Nuraghi buried their dead in family sepulchres 
popularly known as Tombs of the Giants. Several writers had suggested 
that these tombs with their elongated chamber and crescent-shaped front 
were derived from the more ancient dolmen type, but hitherto there was 
little evidence to support this conjecture, only one dolmen being known 
in Sardinia. Dr. Mackenzie has now made this derivation certain; he 
has studied ten important groups of dolmen tombs, most of them entirely 
unknown, which furnish a series of transitional types. In one case the 
chamber of an original dolmen tomb had ati a later period been elongated 
so as to resemble that of a Giant’s Tomb. In another example the large 
covering slab was supported by upright slabs at the sides and back; and 
behind it there are traces of an apse-like enclosing wall, such as is 
characteristic both of the Giants’ Tombs and also of dolmens in certain 
localities where Giants’ Tombs do not exist: for example, in Northern 
Corsica and in Ireland. Dr. Mackenzie also discovered a new type of 
Giant’s Tomb in which the mound was entirely faced with stone, upright 
slabs being used below and polygonal work above. Another feature, 
hitherto unique, is a hidden entrance into the chamber at one side, in 
addition to the usual small hole in the centre of the front through which 
libations and offerings were probably introduced. 

These results were described at a meeting of the British School at 
Rome in March 1909 (see ‘ Atheneeum ’ of March 27). An illustrated 
report of them will appear in Volume V. of the Papers of the School, 
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Dr. Mackenzie and Mr. Newton intend to go to Sardinia, in Septem- 
ber, for six weeks in order to continue the exploration of the island. The 
importance of anthropometrical work in connection with the problems 
presented by the early civilisation of Sardinia was pointed out in a previous 

_report of this Committee. Mr. W. H. L. Duckworth, a member of the 
Committee, went to Rome last April and studied the collection of a 
hundred Sardinian crania in the Collegio Romano. He made about 1,200 
measurements, and is preparing a report which will serve as a basis of 
comparison with any collection of ancient crania that may be obtained. 
In addition to these specimens, which had not been described previously, 
Mr. Duckworth has examined about thirty Sardinian crania in the 
museums of Rome and Paris. He has recently spent ten days in 
Corsica, where he obtained valuable illustrative material, and hopes to 
take part in Dr. Mackenzie’s expedition to Sardinia in September next. 

The Committee ask to be reappointed, and apply for a grant. 


The Hacavation of Neolithic Sites in Northern Greece.—Report 
of the Committee, consisting of Professor W. RIDGEWAY 
(Chairman), Professor J. Lu. Myrus (Secretary), Mr. J. P. 
Droop, and Mr. D. G. HoGartH. 


Tue Committee were appointed at Dublin, but received no grant: it was 
therefore impossible to undertake the proposed expedition to Thessaly. 
Those students of the British School of Archeology in Athens who had 
made the preliminary explorations reported at the Dublin meeting were, 
however, enabled by grants from the British School, and from the Liver- 
pool University Institute of Archeology, to make excavations on fresh 
sites at Lianokladi and near the ancient Kierium. ‘The results of these 
excavations will be published in the ‘ Liverpool Annals of Archeology 
and Anthropology ’ and in the ‘ Annual of the British School at Athens. 

The Committee ask to be reappointed with a grant in aid of further 
inquiries in the same district. 


The Ductless Glands.—Report of the Committee, consisting of 
Professor SCHAFER (Chairman), Professor SWALE VINCENT 
(Secretary), Professor A. B. Macanttum, Dr. Ll. E. SHore, 
and Mrs. W. H. THompson. (Drawn wp by the Secretary.) 


Tue work has been divided as follows: Mrs. Thompson has con- 
tinued her investigations upon the comparative anatomy and histology 
of the thyroids and parathyroids. Dr. Halpenny has been engaged 
in experimental work upon the same organs. Dr. Young has performed 
a further series of experiments of the same character as those which 
were reported last year by him and by Dr. Lehmann. Dr. Leeming 
and Mr. McKenty and Prof. Vincent have been occupied with the study 
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of the medulla of the adrenal body and the question of its relation to 
other similar tissues in the body. 

Thyroids and Parathyroids.—Mrs. Thompson reports that all the 
evidence collected from a study of the thyroids and parathyroids through- 
out a wide range of the animal kingdom supports the view held by 
Vincent and Jolly, and by Forsyth—namely, that thyroids and parathy- ° 
roids are not separate and independent organs, but are very intimately 
related. Within the thyroid of elasmobranchs are small, solid masses 
of cells, partly epithelial, partly adenoid. ‘These, so far as we are aware, 
have not been previously described. In Teleosts there appears to be 
nothing corresponding to the parathyroid. The cells lining the thyroid 
vesicles are almost flat. In Amphibians the parathyroid is not in intimate 
relation with the thyroid. In Reptiles thyroids and parathyroids are 
anatomatically separate organs, but the parathyroid in some instances 
possesses distinct lumina, and the post-bronchial body secretes colloid. 
in Birds we frequently find large areas of the thyroid devoid of colloid 
vesicles (confirmatory of Forsyth). In Mammals there is much more 
intimate relationship between the parts of the thyroid apparatus than 
in the lower animals. ‘The cells lining the vesicles are apparently of 
the same character as those accumulated in varying amount between 
the vesicles, which do not differ in any essential respect from those form- 
ing the parathyroid glandules. Many of the masses of intervesicular cells 
are indistinguishable from parathyroids. ‘The internal parathyroid is 
frequently in direct tissue continuity with the thyroid and every kind of 
transition form exists. Parathyroid seems only to require colloid spaces 
in its interior in order to constitute itself thyroid, and this occurs in the 
human subject under certam pathological conditions. But thyroid 
and parathyroid are to be looked upon as structures of somewhat different 
embryological origin, which are totally distinct in the lower vertebrata, 
although coming into very intimate anatomical and physiological relation- 
ship with each other in the Mammalia. In this latter group they form, 
in fact, one apparatus. 

Vincent and Jolly found that in the cat a parathyroid left behind after 
thyroidectomy changed its structure so as to approximate to that of 
thyroid. Inthe dog Dr. Halpenny has found similar, but more marked, 
changes in a parathyroid left behind after removal of the thyroid, and he 
also describes a case (see below) of the same kind of transformation in the 
rabbit. 

Without denying that parathyroidectomy may be in itself fatal, 
Dr. Halpenny’s experiments justify him in adopting the attitude 
of Vincent and Jolly that the operation is so supremely difficult 
(indeed, in the majority of cases, impossible) that the positive evidence 
on this point is far from convincing. It is certainly true that 
in many cases, when one performs the operation of total parathy- 
roidectomy, doing as little damage as possible to the thyroid itself, the 
- animals die quickly and with severe symptoms. But it is also the case 
that in many instances, when the operation has apparently been just 
as completely performed, the animals do not appear to suffer. This 
position has been reached after a large number of experiments, in many 
of which a complete histological examination was made of everything 
which was removed at the operation, and of all adjacent structures which 
were found on postmortem examination. ‘This has involved the cutting 
of a large series of sections through the thyroid of animals which survived 
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parathyroidectomy. In some of these parathyroid tissue was found 
which had been overlooked at the operation ; but it is important to note 
that in a few instances the animal] died shortly after the operation, 
although two parathyroids were left intact. 

It has been frequently stated that parathyroidectomy is not only 
essentially fatal, but that death occurs more rapidly than when the thyroids 
are removed in addition, and various hypotheses have been put forward 
to explain this phenomenon. In the present series of experiments death 
occurred earlier on the average with the complete operation than when 
parathyroidectomy alone was done, and in most of these cases the 
symptoms were those of violent tetany. 

The experiments of Vincent and Jolly on the rabbit were few and 
inconclusive. In one respect our experiments entirely bear out.the con- 
clusions of the majority of workers on these animals—namely, that the 
animal dies in a few days if the whole apparatus be removed, thyroids 
and parathyroids together, but that it may survive for weeks or 
months if one or both of the external parathyroids be left in situ. 
Whether the animals may suffer from chronic symptoms _ re- 
sembling those of myxcedema in the human subject, cannot at present 
be certainly decided. It may be definitely stated, however, that no such 
chronic symptoms are noticeable after a period of three months. One 
rabbit, in which an attempt was made to extirpate thyroid and para- 
thyroids in toto, survived forty-five days without symptoms, and was then 
killed. But at the postmortem examination shreds of glandular-looking 
tissue were found in the former situation of the external parathyroid, and 
these on microscopical examination showed distinctly the first stages 
of transformation into thyroid tissue. Nearly all the portions of para- 
thyroid tissue revealed minute cleft-like spaces. In other portions of the 
tissue small rounded spaces, lined by a regular circle of cells, were to be 
seen, and in still other regions, especially at the edge of the parathyroid, 
were typical large colloid vesicles. 

In another rabbit, which died forty-three days after removal of the 
thyroid with both external parathyroids left in situ, no changes had 
occurred in these glandules. It is tempting to suppose that it is precisely 
these changes in the parathyroids left behind which make a prolonged 
survival possible. 

» Changes in the pituitary corresponding to those described by 
Herring after thyroidectomy have been noted in the case of the dog after 
parathyroidectomy. This may indicate a functional relationship between 
parathyroid and pituitary. 

Adrenals.—Dr. Young finds that, although on releasing ligatures 
which have been placed round the adrenal vessels there is a distinct rise 
of blood-pressure, yet during the period that the ligatures are applied 
there is no appreciable fall of blood-pressure. This is the case even after 
the lapse of several hours, with the blood from the adrenals absolutely 
excluded from the circulation. 'These experiments were performed upon 
dogs. Strehl and Weiss obtained a temporary fall on clamping the 
adrenal veins of the rabbit. 

Paraganglion aorticum.—Mr. McKenty and Professor Swale Vincent 
have succeeded in displaying the ‘ paraganglion aorticum’ in several 
animals by the method of Stilling and Kohn, and a detailed microscopical 
pty of this and kindred structures is being carried out at the present 
ime. 
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Anesthetics.—Interim Report of the Committee, consisting of 
Dr. A. D. WALLER (Chairman), Dr. F. W. Hewitt (Secre- 
tary), and Sir F. TREVES, appointed to acquire further know- 
ledge, Clinical and Experimental, concerning Anesthetics— 
especially Chloroform, Ether, and Alcohol—with Special 
Reference to Deaths by or during Anesthesia, and their 
possible Diminution. 


[PLATES IX.-X1II.] 
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Tue Committee have held six meetings during the past year, and have 
in additon met informally on many occasions in the laboratory and at 
hospitals. 

The following gentlemen have been co-opted members of the Com- 
mittee: Dr. Buckmaster, Mr. J. A. Gardner, and Dr. Blumfield. Sir 
F. Treves, by reason of the pressure of other engagements, desires to 
retire from the Committee. 


General Statement. 


§ 1. We are agreed that while a skilful, careful, and experienced 
administrator can be trusted to secure anesthesia of required degree with 
a minimum of risk, it is necessary to provide against accident at the 
hands of administrators who have not yet acquired experience, or whc 
have not been educated so as to appreciate the power and danger of 
chloroform vapour. 

This end can be approached by improved laboratory instruction con- 
cerning the physiological effects upon animals of chloroform vapour at 
known concentrations, and by the use of apparatus or other means of 
ensuring that the concentration of chloroform vapour shall be kept 
within given limits. 

§ 2. Apparatus by which the percentage of the chloroform mix- 
ture offered to inspiration can be read off is especially valuable for 
educational purposes. As regards the use of apparatus for clinical use 
we prefer not to express any collective opinion at present. 

§ 8. Another way of limiting the action of chloroform, by taking its 
vapour from a mixture of chloroform and ether (2 vols. chloroform 
+ 3 vols. ether) has formed the subject of clinical investigation by Drs. 
Hewitt and Blumfield, The results of that investigation are given in 
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Appendix I. In this connection Mr. Symes has estimated the percent- 
ages of chloroform vapour aspirated from the inner surface of a bottle 
containing a mask upon which were poured equal volumes of (1) chloro- 
form, (2) chloroform and ether mixed, and Dr. Waller has compared the 
relative toxicities on muscle of solutions of chloroform and ether mixture 
and of chloroform alone (Appendix IIT.). 

§ 4. The relative toxicities of chloroform and of ether have been 
systematically estimated by Dr. Waller by a new method and compared 
with that of ethyl alcohol. The method and its results are described 
in a communication to the Royal Society. According to those results 
1 vol. of chloroform is physiologically equivalent to 15 vols. of ether 
(or by weight 1 gramme chloroform=8 grammes ether).* 

Otherwise expressed, the physiological effectiveness of 1 vol. of ether 
is 0067 that of 1 vol. of chloroform, and 1 vol. of chloroform is 
physiologically equivalent to 2°3 vols. of a mixture of 20+3E. 

§ 5. We are agreed that obstruction to respiration, whether by occlu- 
sion of the air passages or by the additional resistance offered to respira- 
tion by apparatus, should be avoided or promptly remedied. We therefore 
deprecate the use of apparatus based on the vacuum principle by which 
the patient aspirates anesthetic vapour by means of a closed mask and 
tube, and consider it essential to any form of apparatus that it should 
be based on the plenum principle, by which an excess of anesthetic 
vapour suftably diluted with air is propelled to an open mask by 
mechanical means sufficient to maintain a slight positive pressure at 
the end of the delivery tube. 

In this connection we think proper to quote two experiments (repre- 
sentative of many others) :— 

§ 6. First Experiment.—The number of respirations per minute 
were taken of a member of the Committee breathing through a closed 
mask and a broad 1-inch tube :— 

A with the end of the tube free. 

B with the tube connected to the outlet of a balance case with the 
inlet connected to a force pump, working at between 10 and 15 litres per 
minute, giving at the mask a positive air-pressure equal to between 1 and 
2 millimetres of water. 

The normal respiration-frequency of the subject was 16 per minute. 

The frequency under the conditions A quickly became 20, rose to 40, 
and culminated in dyspnoea, so that the mask had to be removed. 

The frequency under the condition of B fell to 10 and 9, and the 
subject breathed from the closed mask for an indefinite time without 
feeling any inconvenience. 

These results, in our opinion, sufficiently illustrate the ease with 
which dyspncea can be produced in the human subject by slight obstruc- 
tion and the contrary effect of air-supply delivered under positive 
pressure. 

§ 7. The second experiment, on a cat, was made in order to see 
whether the toxic effects of chloroform were aggravated by obstructed 
respiration. The result was not in accordance with our expectation: no 
appreciable aggravation of toxic effect was caused by very considerable 


+ Since this report was adopted Waller and Symes, by a different method, have 
arrived at the same result, yiz., 1 gramme chloroform = 8 grammes ether (see 


Appendix VI.). 
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degree of respiratory obstruction. We feel it necessary to report the 
result, although it contradicted our anticipation ; the fact admitted of no 
doubt, whatever its explanation may be. The chloroform was of known 
identical percentage inspired from freshly filled bags of gold-beater’s skin, 
and all other conditions of experiment except that of obstructed respira- 
tion were unaltered. 

§ 8. The determination of the amount of chloroform in the blood of 
animals and of the human subject under various conditions of anesthesia 
has been undertaken by Dr. Buckmaster and Mr. Gardner. 

The results of a large number of determinations can be briefly sum- 
marised as follows: The amount of chloroform found in the blood during 
full chloroform anesthesia was between 0:020 and 0°030 gramme per 
100 grammes (by volume of vapour approximately 4 to 6 c.c. per 100). 

The amount of chloroform found in the blood immediately after death 
by excess of chloroform was between 0'040 and 0:070 gramme. 

§ 9. General Conclusion.—The Committee believe that the results so 
far obtained are of a nature that calls for the prosecution of the inquiry. 
The directions in which the Committee desire to proceed are: The 
further study (1) of the influence of obstructed respiration upon the course 
of anesthesia, (2) of the physiological and clinical characteristics of mixed 
aneesthesia, and (3) of the physiological effects of local anesthetics, such 
as cocain and allied substances. 


APPENDIX IT. 


Report upon the Routine Use, by the Open Method, of a Mizture of 
Chloroform and Ether. 
By Dr. F. W. Hewitt, M.V.O., and Dr. J. Buumrep, B.A. 


1. The Anesthetic. 


The mixture is made of chloroform 2 parts by volume and ether 3 parts 
by volume. In hospital cases Duncan and Flockhart’s methylated (red 
label) chloroform and Huskissen’s ‘ pure methylated ’ ether were used 
to make the mixture. A similar mixture was usually employed in private 
practice, though in certain cases one with ethyl-alcohol constituents was 
used for purposes of comparison. 


2. The Method of Use and Apparatus employed. 


The mask employed (fig. 1) is essentially a Skinner’s mask, and 
consists of a wire frame over which is stretched a single layer of thin 
flannel. The mask thus formed presents an oval opening 5 inches by 
3 inches, and is capable of close adaptation to the face. The vault of the 
mask is high enough not to touch the nose when its rim rests upon the 
face. The size of the mask and the material with which it is covered are 
important details. It is found, for instance, that if two layers of the thin 
flannel are used instead of one an equal quantity of anesthetic produces 
different effects in the two cases. The small tube passing through the 
middle of the stretched flannel is only of use when oxygen is required. 
A mask of the same dimnsions, but with a guttered rim, a handle, and 
no oxygen tube, has generally been used by one of us (J. B.). In using 
the mixture a gradual process is followed. The mask is applied to the face, 
and, after a few breaths, the mixture is added, a few ai Gok ab wo time. 
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A regulating drop bottle is used capable of delivering the mixture in 
isolated drops, in a rapid series of drops or in a continuous stream (fig. 2). 
During the first two minutes the mixture is poured upon the mask in 
such smail quantities at a time that there is never more than a quarter of 
the mask moist. From this time it is added more freely until, roughly 


speaking, in the case of men the whole surface of the mask, in the case 
of women three-quarters of the surface, and in the case of children one 
half of the surface, is kept moist with the liquid. Asa rule at least four 
minutes pass between the beginning of the administration and the 
moment when the maximum quantity to be used is upon the mask. 


3. The Nature of the Cases in which the Method has been employed. 


_ The cases in which the method has been employed include a variety of 
operations, comprising examples of almost all the graver abdominal 
procedures, which were particularly chosen as providing a severe test of 
the efficacy of any anesthetic and method. Thus, pan-hysterectomies, 
removal of double pyo-salpinx, difficult appendicectomies, excisions of 
rectum, and ‘complete’ amputations of breast figure amongst the 
cases. Moreover, the patients comprised individuals of widely differing 
physique and states of health. They ranged from the very healthy mus- 
cular police-sergeant to that of the emaciated, anemic young woman, 
the subject of long-standing colitis. Several so-called ‘ bad subjects ’ 
have been anzsthetised with success; for example, heavily built, florid, 
thick-necked men, with irritable throats and nasal obstruction, patients 
with ill-developed lower jaws, &c., subjects who invariably give trouble 
under ‘ gas and ether.’ In age patients have ranged from the infant of 
fourteen months to old persons over eighty years of age. Several patients 
were markedly alcoholic, others were asthmatic and orthopneeic; one 
patient was suffering from pneumonia, and in this case oxygen was 
simultaneously administered through a tube passing through the mask. 
One case, that of a young woman who underwent laparotomy for the 
removal of double pyo-salpinx, was a good example of the subject who, 
originally favourable, is at the time of operation in a condition of extreme 
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feebleness from acute illness of some duration. Other examples of 
unfavourable conditions present in the patient were Graves’ disease, 
acute bronchitis, and extreme anemia. We have already conducted about 
three hundred administrations and are continuing to employ the method. 

The preparation of patients has varied to some extent in the private 
cases. In hospital patients it was as follows :— 

On the afternoon of the day preceding the operation a dose of castor 
oil, usually about an ounce, was given. On the morning of the operation 
(which took place after 1 p.m.) an enema was given at 6 a.m. Tea and 
bread-and-butter were given at 7—two slices and one cup. A pint of 
beef tea was given at 10. The enema was repeated if necessary. 


4. The Time required for inducing Anesthesia and the Symptoms evoked 
during Induction. 


Time of induction is reckoned from the moment of commencement 
of inhalation to the moment when the patient is ready for the operation. 
That this point had been reached was judged by the presence of 


(1) faint or absent corneal reflex ; 
(2) complete muscular relaxation ; and 
(3) presence of inspiratory stertor. 


The average induction period in a series of hospital cases was 8} 
minutes ; the longest time spent in securing readiness for operation was 
17 minutes; the shortest time was 5 minutes. With children 5 minutes 
was the rule, and this was the time also in the case of a woman very 
anemic and ill with peritonitis. 'The longest induction period was in 
the case of a middle-aged carman, red-faced and accustomed to large 
amounts of beer, who had to be operated on for fistula in ano. 

At the beginning of inhalation the vapour was not, as a rule, objected 
to, particularly if constituents made from ethylic alcohol were used. 
There is never any difficulty in getting patients to breathe freely. Excited 
talking becoming incoherent, or quiet busy muttering occurred in ten of 
forty hospital cases. Some rigidity of limbs and of jaw muscles occurred 
in eighteen of these cases. Excited movements of limbs or trunk, so 
forcible as to require restraining lest the patient should fall off the couch, 
occurred in one case. Excitement of the above kinds, when it occurred 
at all, was always after consciousness had gone—at any rate, to such an 
extent that the hearing was already quite lost. Secretion of mucus and 
saliva is not a feature of the induction stage with this anesthetic. In 
difficult cases there is less temporary interference with respiration during 
the induction stage than when employing ether or ‘ gas and ether.’ 


5. Amount of Mixture required. 


Generally speaking, it is found that in the case of an adult male the 
mask has to be kept moist over its whole surface after the first four 
minutes until full anesthesia is induced. After this it is necessary to 
keep it moist to that extent only in the case of ‘ difficult ’ subjects. In 
the case of easier male subjects and in the case of women and of children 
only half of the mask is kept moist when anesthesia is once esta- 
blished. In the case of children and women who are particularly feeble 
never more than half the mask is moistened from first to last and most 


ON ANASSTHETICS. 301 


of the time only a quarter. In a series of hospital cases the average 
amount of the mixture consumed was an ounce in fourteen minutes :— 


The least used was 4 oz. in twenty-two minutes (feeble infant). 
The most used was 3} oz. in thirty minutes (fat aleoholic woman). 


6. The Condition of the Patient during Operation and the Occurrence of 
Shock or other Reflex Effects. 


A condition which is highly satisfactory with regard to the state of 
the circulation, the respiration, the relaxation of muscles, and the 
immobility of the patient can almost invariably be obtained and main- 
tained. Respiration is usually rather deeper, the pulse quicker, and the 
colour better than in average chloroform cases. The pupil is usually of 
moderate size. In one case only was a change of anesthetic demanded. 
In this case, during the removal of a gall-stone a condition of persistent 
rigidity of the rectus led to a change from the mixture to ether (F. H.). 
In cases with marked respiratory defect the mixture can be given with 
oxygen. The type of anesthesia obtained is more like that secured by 
low percentages of chloroform vapour than like that seen with ether. It 
is generally possible to secure a condition in which the corneal reflex is 
just present without the occurrence of inconvenient contraction of 
muscles or of coughing or retching. Reflex effects due to the operative 
procedure have been noted in several cases. Serious disturbance of pulse 
or of breathing arising in this way appears to be less liable to occur with 
this mixture than with pure chloroform, though more likely than when 
ether alone is given. Thus reflex effects during anesthesia, chiefly bear- 
ing upon respiration, were evident in fifteen of seventy-five carefully 
recorded cases. In most cases these effects were in the nature of stridor, 
or of grunting expirations. They occurred during stretching of anal 
sphincter, forcible pulling up of uterus, internal urethrotomy, &c. The 
most marked instance of respiratory effect was produced by dragging upon 
the sac of a hernia, and this case afforded an excellent example of the 
degree to which such an effect can go, respiration becoming absolutely 
obstructed and the chest having to be compressed three times before 
breathing started again. At-the same time the pulse scarcely showed any 
change. Reflex movements of limbs or reflex rigidities of muscle were 
very rarely met with, and this absence was particularly noticeable in 
rectal operations which, under ether, are frequently attended by such 
reflexes. Slowing of pulse as a reflex effect was occasionally observed. 
Tn a few cases well-marked pallor occurred during surgical manipulations. 
Severe surgical shock, resulting in disappearance of pulse, dilatation 
of pupils, opening of eyes, pallor, and stopping of respiration, was 
seen in one case in which laparotomy was being performed upon a 
thin anemic young woman, the subject of extreme chronic constipation. 
The corneal reflex was faintly present at the moment when symptoms of 
shock suddenly showed themselves. 


7. After-effects. 


Speaking generally, recovery takes place rapidly and without any 
disagreeable after-effects, provided, of course, that the patient has been 
properly prepared. In no cases of our series were there severe after- 
effects. The worst instance was that of a case of removal of glands from 
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a young man of twenty-five years. In this instance there was vomiting 
seven times during the first fourteen hours after recovery of consciousness. 
Liquid nourishment was taken between the attacks of sickness, and there 
was no serious constitutional disturbance. In several cases there was 
yomiting once or more after recovery of consciousness. In one of these 
the vomit consisted of altered blood on the two occasions on which it 
occurred: this was a case of gastro-enterostomy. In practically all cases 
there was, twenty-four howrs after operation, complete freedom from 
sickness and from feeling of nausea. Our belief is that after-effects are 
less common with this method than with most others now in use. 


8. Conclusions. 


Our experience leads us to believe that this mixture used in the 
particular manner described is a trustworthy and comparatively safe 
anesthetic. By this we mean that if the simple principles are adhered 
to of starting gradually and limiting the moistened area of the mask 
overdosage is very unlikely to occur. It seems to us highly probable that 
the percentage of chloroform vapour thus offered to the patient is within 
the safe physiological limits. Moreover, the danger of post-anzsthetic 
lung complications which detracts from the otherwise safe nature of a 
similar ether anzesthesia is apparently no greater than is the case with 
chloroform. In our judgment the fact that even the most vigorous subject 
may be anesthetised by this mixture on an open mask marks a distinct 
step in the progress of practical anzesthetics. The Rendle Inhaler, and 
all similar semi-open inhalers for the ACE or the CE mixture, should, 
in our opinion, now be discarded. The method described seems to us to 
contain the advantages of open etherisation with those of percentage 
chloroformisation, although, of course, it does not pretend to any abso- 
lute scientific accuracy so far as vapour percentages are concerned. By 
this method chloroform is rendered far safer than when administered 
per se on a Skinner’s frame, and very much safer than when adminis- . 
tered on lint or towel. We go so far, indeed, as to express the view that 
the administration of undiluted chloroform by means of lint, hand- 
kerchief, or towel should henceforth be proscribed in practice. The 
anesthesia produced by this method is doubtless a chloroform anesthesia 
in its essential features, but the dilution with ether renders it possible to 
present continuously a weak and comparatively safe chloroform per- 
centage to the patient. Moreover, this mixture may, with the rarest 
possible exceptions, be used whenever chloroform itself is indicated. 
But it has advantages of another kind. It answers admirably and 
certainly far better than ether in so-called difficult cases, particularly 
in those liable to display symptoms of obstructed breathing during in- 
duction and in those in which the secretion of mucus would constitute 
a difficulty. As a substitute for the ‘ gas ’-ether-chloroform sequence 
this mixture and method have much to be said in their favour. We have 
come to the conclusion, indeed, that some of the slight difficulties ex- 
perienced by the anesthetist in securing the most favourable surgical 
conditions during abdominal operations are often dependent upon the 
presence of small quantities of mucus within the upper respiratory 
passages resulting from the use of ether during the induction stage. 
Though rapid induction may be depended upon by ‘ gas and ether’ or 
similar methods before proceeding to chloroform or CE mixture, a 
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penalty often has to be paid, so to speak, for this rapid induction—viz., 
some disturbance in the smoothness of the subsequent anesthesia. 
Although the method here advocated has the disadvantage of a com- 
paratively lengthy induction, the eventual type of anesthesia is highly 
satisfactory. In a word, we have no hesitation in recommending this 
mixture, administered by means of the particular mask and method we 
have described, as one which is capable of a wider range of applicability 
in general surgery than any other anesthetic or mixture with which we 
are acquainted. Whilst the anesthetic we have attempted to describe is 
undoubtedly safer than that produced by sprinkling undiluted chloroform 
upon lint, towel, or any form of open inhaler;we do not contend that 
it is safer, whilst the patient is wpon the operating table, than ether 
anesthesia. If, however, we take into account the risks of ether anes- 
thesia after the operation, we are of opinion that the method compares 
favourably with all known methods of etherisation, so far as safety is 
concerned. 


APPENDIX II. 
Descriplion of the Chloroform Balance. By Dr. A. D. Wautmr, F.R.S. 


A closed glass bulb (capacity=870 c.c.) is suspended from one 
side of the beam of an ordinary balance, the pointer of which shows 
3 millimetres per centigramme, and is counterpoised at the other side 
of the beam. 

The balance case (capacity =about 30 litres) is provided with inlet 
and outlet tubes, the former connected with a chloroform bottle through 
which a current of air (in this case about 15 litres per minute) is 
established by a pump or bellows, the latter connected with the mask 
or tube by which the mixture is delivered. The tube from the bellows 
or pump is provided with an elastic bag, and a constant stream of air 
of known volume per minute (10 to 20 litres) is secured by a perforated 
“ stop ’ fixed in the lumen of the tube; the chloroform bottle is provided 
with a regulating tap, by which all or none of the stream of air is passed 
through the chloroform bottle at will. The latter is graduated. 

The percentage of chloroform (or of ether vapour if ether be used) 
is indicated by the pointer of the balance. It is at the same time 
-recorded, if desired, on the smoked surface of a drum revolving once 
per hour (or per 12 hours), by means of a light pen fixed to the beam of 
the balance. This pen serves at the same time to damp the oscillations 
of the beam. 

The calibration of ? of the instrument is effected by means of weights 
corresponding to the weights of 1, 2, 3 per 100 of chloroform vapour 
in the volume of air represented by the bulb at ordinary temperature 
and pressure. 

The zero of the chloroform scale is given by the position of the 


1 For the calibration at 18° C. and 760 mm. Hg of a chloroform balance in relation 
to the volume of a given bulb, divide the volume in c.cms. by 26 35; the quotient 
expresses the number of milligrammes that correspond to 1 per cent. of chloroform 
vapour, e.g., for a bulb of 870 c.c. the corresponding weight is 870 : 26°35 or 33 milli- 
grammes, and the scale of 1 to 3 per cent. is given by weights of 33, 66, 99 mgms. 
The effect of variations of temperature and pressure may be disregarded in this 
connection. The corrected values of 1 per cent. would be 1:017 and 0983 at 28° 
and 13° res; ectively (i.e., at 74° 4 and 56°°4 F.). 
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indicator point at the scale (and on the record) when thie bulb is 
surrounded by air. If the indicator point at the scale is not opposite 
the zero marked there, the correspondence is secured by counterpoising 
or more simply by shifting the scale. At the temperature of 18 + 10° 
the zero line would thus be lowered or raised by a weight of about 
20 milligrammes (=rather more than 1 per cent. of chloroform), but 
the correction is not required, since it is made automatically. 


Smoked Cylinder 


Glass Bulb 


Space of 30 litres 


air and chloroform 
vapour at 27 


Variations of temperature during observation would of course raise 
or lower the scale zero, but they are fortunately too trifling to be of 
account in the instrument shown. There is generally a variation of 
not more than + 0'2 to 03°, implying a variation of weight of 0'4 to 
0°6 milligramme, 7.e., 0°0235 to 0°0353 per cent. of chloroform. These 
are negligible corrections in the case of records taken by means of a 
450 ¢.c. bulb with 1 per cent. chloroform at 18° and 760 mm. repre- 
sented by 17 milligrammes of counterpoise and on the record by an 
ordinate of about 3°5 millimetres. 

For finer observations with a delicate balance and a large bulb— 
870 c.c., and 1 per cent. CHCl, represented by 33 milligrammes— 
readings are taken by the null method on the pointer scale with an 
appropriate rider used as counterpoise ; the estimation can then be made 
to an error of + $ or } milligramme, i.e., to an error of between ,}, or 
rks per cent. of CHCl. In this case of course the thermometer and 
barometer readings are taken into reckoning. But for all ordinary 
chloroform determinations temperature and pressure corrections are un- 
necessary. 

The litre weight difference of ether vapour as compared with air 
(2020) is practically one-half that of chloroform (4045), so that the 
chloroform scale 1, 2, 3 per cent. is at the same time an ether scale 
2, 4, 6 per cent. 
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APPENDIX III. 


On the Physiological Effects of Mixed Anesthetics. 
By Dr. A. D. Watuzr, F.R.S. 


In a paper recently presented to the Royal Society’ I give in 
conclusion of a long series of experiments the following physiolo- 
gical equivalence of chloroform, ether, and alcohol: 1 ¢.c. chloroform 
=15 ¢.c. ether =75 c.c. alcohol. 

Adopting as a basis of calculation that the physiological power per 
unit of volume is therefore— 


Alcohol, F ; - 5 - ae all 
Ether . , : > - 4 - cas ib 
Chloroform , © ‘ . ‘ ° Poms) 


I proceeded to compare the effects of mixtures of anesthetics with those 
of their constituents. 

I found, in the first place, that the components of a mixture do not 
sensibly modify each other’s effects. Taking, e.g., the physiologically 
equivalent solutions— 


Alcohol. ° : ‘ . . 76 c.c. per 1000 c.c. saline 
Ether . : . . . » 16 ” ” ” ” 
Clorolorml veh we pe el 5, ” » 


I found that mixtures of these solutions produced about the same 
aneesthetic effect as did any one solution. 

Taking next a mixture composed of equal parts of ether and chloro- 
form, I found that its physiological strength was approximately one half 
that of pure chloroform, i.e., that a 2 c.c. per 1000 solution of the mix- 
ture was physiologically equivalent to a 1 c.c per 1000 solution of chloro- 
form alone. Theoretically, from the numbers given above, the equiva- 
lence should have been 1°88 c.c. of the mixture to 1 c.c. of chloroform, 
since the power of the mixture relative to that of chloroform is as 8 to 15. 
As a matter of fact, the 2 c.c. per 1000 solution of mixture had rather 
more effect than the 1 c.c. per 1000 solution of chloroform. 

Similarly, with a mixture of equal volumes of alcohol and chloro- 
form, in which the physiological power of the alcohol is relatively still 
smaller than in the case of ether, the action is still further reduced. 
In this case the equivalence should have been 1°97 c.c. of mixture to 
1 c.c. of chloroform. 

These observations show clearly that in anesthetic mixtures com- 
posed of ether and chloroform, or of alcohol, ether, and chloroform, 
the principal anesthetic power pertains to the chloroform, while ether 
and a fortiori alcohol act principally as diluents of fhe chloroform.” 

Thus in the well-known ACE mixture, composed of 1A, 2C, and 
3E, the shares of anesthetic power of the constituents are A=1, C=150, 
E=15, the total power of the six volumes of mixture is 166, which, 


1 June 24, 1909. 

? This is confirmatory of the statement I made in 1897 from experiments on 
isolated nerve, to the effect that ‘the action of mixtures of ether and chloroform 
(7 parts of ether to 1 part of chloroform) is additive—the sum of the action of the 
two constituents of the mixture,’ (British Medical Jowrnal, November 20, figs, 20 
and 21.) 

1909, x 
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in relation to the power of six volumes CHCl,=450, gives as the 
anesthetic power of ACE compared with that of chloroform 166 : 450 
or 0°37. ; 

For a mixtue of two volumes chloroform with three volumes ether 
the similar value comes out as 165 : 375 or 0°44. 

I proceeded to test these values by the experimental determination 
of equitoxic concentration of mixtures in relation to the toxicity of 
pure chloroform. And although the determinations have not been as 
numerous as I could have wished, owing to the fact that I had to make 
them myself and that my time is limited, yet they have given results 
that have been near enough to show that the method is sound. 

Thus with 2°5 per 1000 solutions of the mixtures (2C+3E) and 
(1A+2C+8E) as compared with a 1 per 1000 solution of chloroform 
alone, I found that the first came out ‘ too strong ’ and the second * too 
weak.’ In terms of chloroform power taken as =1 the values of 
these two solutions —0'44 and 0°87, so that to make up their solutions 
to be equitoxic with a 1 per 1000 solution of chloroform I should have 
taken 2°3 and 2°7 c.c. per 1000 for the two solutions respectively. 
Considering that the excess and deficiency of 0°25 above and below 
these theoretical values 0°23 and 0°27 is only 0°02, and consider- 
ing further the tentative character of those theoretical values, this result 
must be adinitted to be very satisfactory. It affords further proof of 
the statement made above that the effect of mixed anesthetics is the 
sum of the effects of the individual components. 

For all practical purposes I think it sufficient to say that I find the 
physiological efficacy upon muscle of an ACE mixture and of a CK 


to be approximately equal to that of chloroform the ACE being slightly 
pp y eq a5 ) § Signtty 


weaker than the CE mixture. 


_ Effect of a 2°56 per 1000 solution (by volume) in normal saline of the following 
mixture: (1 volume alcohol + 2 volumes chloroform + 3 volumes ether), 


Effect of a 1 per 1000 solution (by volume) of chloroform in norma] saline, 


' 
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Effect of a 2°5 per 1000 solution (by volume) in normal saline of the following 
mixture :— 
Chloroform : : é : . 2 volumes 
Ether i 


” 


N.B.— In each of these three records, reading from right to left, there are three 
groups of contractions, viz. :— 


1, A group of normal contractions with the muscle immersed in saline. 


2. A group of declining contractions with the muscle immersed in the test- 
solution. 


3. A group of rising contractions with the test-solution replaced by normal saline. 


APPENDIX IV. 


The Comparative Power of Alcohol, Ether, and Chloroform as measured 
by their Action upon Muscular Contraction. By Dr. A. D. 
Water, F..S. (Royal Society, June 24, 1909). 


The object of the experiments described in this paper was to determine 
the relative physiological power upon muscular contraction of chloro- 
form, ether, and alcohol at various dilutions. 

The conclusion derived is to the following effect :— 


By volume . - lee. chloroform=15 e.c. ether=75 c.c. alcchol 
By weight . . lgrm.chloroform= 8 grms.ether= 40 grms. alcohol 
By molecules. . 1 mol. chloroform=13 mols. ether =100 mol. alcohol. 


APPENDIX V. 


Quantitative Estimations of Chloroform in Blood. 
By J. A. Garpner and Dr. BucKMASTER. 


The Anaesthetic and Lethal Quantities of Chloroform in the 
Blood.—The method we have pursued in these experiments was as 
follows: In all cases the percentage of chloroform vapour in the in- 
spired air was determined for each separate experiment. The amount 
of chloroform in the blood was estimated by the difference in chlorine- 
content of the blood before the administration of chloroform, and again 
at any subsequent period from the time when the chloroform-and-air 
mixture was inhaled. Numerous control experiments were made in 
order to ascertain whether the percentage of chlorine normally present 
in the blood of an animal remains sufficiently constant during a pro- 
longed experiment. This was found to be the case when ether - was the 
anesthetic used. Small amounts of blood withdrawn from time to 
time during such an experiment were found to in no way affect the 
percentage of normal chlorine in blood. The chlorine was estimated by 
the method of Carius. A known weight of blood, about three to five 
grammes, is treated with nitric acid and an excess of solid silver 
nitrate in a bomb tube heated to 200° C. for six hours. The amount of 
resulting silver chloride was then determined, and the difference oe 

= 
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the chlorine-content of the blood before and after anesthetisation with 
chloroform was calculated, and this gave a figure which could be ex- 
pressed as chloroform. The whole method is an entirely new one, and 
has never been employed by earlier observers. In exactness it is 
believed to be preferable to those methods where the determination is a 
volumetric one with an end point which depends upon a colour reaction. 
Most of these experiments have been carried out on cats, while other 
observers have generally carried out their investigations on dogs. The 
chief conclusions arrived at were that the amount of chloroform in 
arterial blood at the moment when some definite reflex action disappears 
varies with different individuals. The same is true for the lethal amount 
in the blood; but a consideration of all the experiments taken together 
shows that only a narrow margin exists between the weight of chloro- 
form in the blood at the moment of anesthesia (loss of conjunctival 
reflexes) and the cessation of respiration (lethal amount). 

The conclusions are represented in the following table in comparison 
with the results of previous observers :— 


Rearaal Anesthetic amount Lethal amount 
Observer, ; of CHCl;. of CHC];, 
mg. mg. 
Grébant and Quinquand, 1883 dogs 50 — 
Pohl, 1890. : c ess 18-50 : . . 35 
Waller and Wells, 1903 . cats Sip os 4 ¥ grad 
Nicloux, 1906 ° : . dogs 50. : : - . 41-70 
Tissot, 1906 . ; . s 34-40. ‘ : fs . 60-105 
J. Mansion and J.Tissot,1906 _,, { oe } yen etn ls = 
Buckmaster and Gardner,1906 __,, 16-41 reflexes just gone. 61-69 
3 i ” cats 14-27°5 reflexes just gone. 40 


The Rate of Assumption of Chloroform by the Blood.—It is a 
familiar fact that when chloroform is inhaled the respirations may 
rapidly diminish in depth and frequency, or even actually stop within a 
few minutes. In the case of cats it is exceedingly rare not to see this 
effect on a respiratory tracing. Any individual animal may exhibit this 
phenomenon in different degrees, and cessation of respiration may be 
permanent unless resort is had to some means of artificial respiration. 
When the same animal is anesthetised several times with the same 
percentage of chloroform vapour, this condition, which may be con- 
sidered to indicate the first danger-point in chloroform anesthesia, 
occurs at the same time, and presents a constant type of impaired 
respiration. 

In our experiments, which were carried out on cats, small quantities 
of blood were withdrawn from time to time from an artery during the 
induction of anzsthesia with known percentages of chloroform vapour 
and air. The determination of the quantity of clHloroform in these 
samples, ten or twelve in each experiment, afforded the data from 
which curves could be constructed. In all of the curves the same 
general features were seen. In the pre-anesthetic period, or initial 
stages of anesthesia, at a time when the individual is conscious, the 
chloroform-content of the blood rises with great rapidity to a value 
which approaches a maximum. During this period, which occupies 
the first few minutes, the first danger-point in anesthesia occurs, 
because the quantity of chloroform in the blood directly or indirectly 
affects the respiratory nerve-centres of the brain. In consequence of 


ON ANAESTHETICS. 309 


the respirations being slower and shallower, the amouiit of chloroform 
in the blood falls, but the fall is also due to the exit of the drug from 
the blood into the tissue-cells of the body. When the animal has 
passed this first stage the amount of chloroform again quickly rises 


(Amount of CHC), (in milligrammes per 100 grammes) 2 


Time /0 mins. 20 


Plotted curve of the amount of chloroform found in the blood of a cat during the first hour of 
administration of chloroform at between 3 and 4 per 100 as determined by densimetry. (Proc. Roy. Soc., 
vol. Ixxix. p. 562.) 


towards a maximum value, and an equilibrium between the factors 
which determine the amount of chloroform in the blood appears to be 
obtained, the processes of intake and output of the anesthetic at the 
surface of the lung going on side by side. In other words, a state of 
equilibrium is reached, which persists for a considerable period, and 
throughout this period the difference between the amount of chloroform 
present in the blood and what is found at the lethal point is very small. 
The state is far from one of safety, and the animal may suddenly die 
at any moment should any disturbing factors come into play. The 
whole of this period is a danger period. In the experiments quoted the 
percentage of inspired chloroform was maintained constant, but it is 
evident that the contention of those anesthetists who have insisted that 
after anesthesia has been established this can be and should be main- 
tained with a much smaller amount of chloroform vapour rests upon a 
sound basis. 

The Function of the Red Blood-corpuscles in Chloroform 
Anasthesia.—Experiments undertaken in order to ascertain how the 
anesthetic distributes itself in the blood between the corpuscles and ~ 
plasma proved to be exceptionally difficult. The separation of the 
corpuscles was accomplished by centrifugalising tubes of blood sur- 
rounded with ice, so as to hinder any clotting. Their conclusions, that 
chloroform is very firmly held by the blood of an anzsthetised animal, 
are in accord with all other observers. But it was also found that 
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chloroform primarily associates itself with the red corpuscles and does 
not enter the plasma to any marked extent unless the anesthesia is 
pushed to an extreme degree, or a chloroform-and-air mixture is 
administered with a high percentage of the drug. After the inhalation 
of 2 per cent. chloroform for three-quarters of an hour no less than 
98°5 per cent. of the anesthetic was held by the red corpuscles. 

In order to obtain additional proof that the red corpuscles, as would 
seem to be the case from experiments, are the essential vehicles 
for the carriage of chloroform, we argued that if the view was 
correct that the transport of chloroform was a function of the red 
corpuscles, then, though the absolute amount of chloroform present in 
the blood might be modified by abstracting or adding blood from or to 
an animal, the percentage of chloroform ought to remain constant. 

The general plan of the experiments was to anesthetise an animal 
with ether or nitrous oxide, allow the anesthetic to be disengaged from 
the body, and then administer a known percentage of chloroform. 
The determination of the amount of the drug in the blood was made at 
the asphyxial point. In one hour or an hour and a half all the an- 
esthetic was eliminated, and during this period a measured amount of 
blood was abstracted and the experiment repeated. In other experi- 
ments the amount of chloroform present was determined in the same 
animal before hemorrhage, after hemorrhage, and after the replace- 
ment of the blood which was furnished from another animal in such 
quantity as to augment the original volume of the blood by one-third to 
one-half. 

The general results of all the experiments were to the following 
effect : — 


Average amount of 
CHCl; per 100 grammes of blood. 
Before bleeding. After bleeding. 


Experiments in which the asphyxial 
state was rapidly reached,in } 0-043 mg, 0-045 mg. 
about 3 to 9 min. J 


Experiments in which the asphyxial ) 
state occurred in about 30 to 0-048 0-051 
80 min. J 
After After replacement 
hemorrhage. of the blood. 
Experiments made at the asphyxial | 00421 mg. 00426 mg. 
point. j 00768 ,, 00768. ,, 
Before After After replacement 
hemorrhage, hemorrhage. of blood. 


Experiments made at the } 


asphyxial point. J 0-061 mg. 0:059 mg. 0-049 mg. 


The Rate at which Chloroform is eliminated from the Circu- 
lating Blood after Ana@sthesia.—All observers are agreed that after 
the supply of chloroform is stopped the anesthetic rapidly leaves the 
body. Thus, Nicloux found that the percentage in the blood five 
minutes after the cessation of chloroform inhalation had fallen to half 
its original amount during inhalation, and that at the end of seven 
hours the blood was quite clear of chloroform. Tissot gives, e.g., the 
following numbers :— 
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Milligrammes of CHCl; per 100 grammes 
ood, 


of bl 
Chloroform adminis- 45 min. 2 hr. 
tration stopped. later. later. 
Arterial blood oH ies 53°2 58 0 
Venous blood mas ves 48-1 77 4°9 


In our own experiments, immediately the inhalation of chloroform 
stopped a sample of blood was taken from an artery, and this was 
repeated at intervals, until half or three-quarters of an hour had 
elapsed. In other experiments venous blood taken close to the right 
ventricle of the heart was examined in the same way, while in a few 
experiments samples of arterial and venous blood were taken simul- 
taneously. The main conclusion which can be drawn from these 
experiments is that the rate of elimination of the drug from the body 
vid the blood depends upon the physiological state of the individual 
animal. The rate of loss is at first comparatively rapid, and subse- 
quently becomes slower. But the initial rates of elimination are much 
less rapid than the initial rates of the intake of chloroform, and, on the 
whole, elimination is a much slower process than assumption, a view 
which is supported, not only by the actual determinations of chloroform 
in the blood, but by a comparison of the times at which the various 
reflexes disappear and reappear. From our curves the initial falls are 
not quite so rapid as the work of other observers had led us to suppose. 


60 


50 


40 


30 


20 


10 


Amount of OHCl, in milligrammes per 100 grammes, 


Smins. 10 15 20 


Plotted curve of the amount of chloroform in the blood (arterial) of a cat during recovery irom deep 
anesthesia. (Proc. Roy. Soc., vol. xxix. p. 585.) 


The chloroform-content of the blood was only reduced by 50 per cent. 
in fifteen to twenty minutes; three-quarters of the chloroform was 
eliminated in about half-an-hour. These statements hold good when 
the animal is breathing naturally, but, as might have been expected, 
the extent to which the lung is being ventilated during any period is the 
chief, if not the only, factor which determines the rate of elimination. 
Our experiments are in agreement with Tissot’s observations: that at 
the moment when chloroform inhalation stops arterial blood contains 
an excess of the drug when compared with venous blood, but the differ- 
ence between the amount of chloroform in arterial and venous blood 
after regular respiration is established is practically the same. . 
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Percentage of Chloroform in Human Blood at the Stages of the 
Vanishing of the Corneal Reflex.—In order to ascertain whether the 
percentage of chloroform in the blood.of man was of the same order of 
magnitude as in the blood of cats at a similar stage of anesthesia, the 
following experiments were made: Three samples of blood were drawn 
by means of a syringe from the arm of a patient under chloroform at 
the point when the eye reflexes were just vanishing. The samples 
were taken within three minutes, and during this period the anesthetist 
endeavoured to keep the patient at this stage. 

The blood wag analysed by Nicloux’ method, with the following 
results :— 


Sample J, - : - . 0:0126 gramme per cent. of blood, 
Sample Il, , P n - 00117 ” » ” 
Sample Il], , , : - 0:0173 ” ” ” 


These figures are comparable with those found in animals. 


APPENITEX “Wi. 


The Comparative Physiological Power of Chloroform, Ether, and 
Alcohol, gauged by Intravenous Injection. By Dr. A. D. WaLLER 
and Mr. W. L. Symzs. 


Reckoning, from the observations quoted in Appendix V. (p. 307), 
that the average quantity of chloroform in the blood of fully anesthetised 
animals is about 25 mgms. per 100 gms. of blood, considering further 
that 100 c.c. of saline solution can take into solution 500 mgms. of 
chloroform, it was to be expected that it should be possible to maintain 
complete anesthesia by intravenous injection of saline containing chloro- 
form in solution. 

Taking, for instance, a 2 kilo. cat containing, say, 100 c.c. of blood, 
the injection of 10 c.c. of such ‘chloroform saline ’ introduces into the 
circulation 50 mgms. of chloroform—i.e., it is possible by this means to 
introduce no less than 500 mgms. of chloroform into the circulation, an 
amount far in excess of an anesthetic or even a lethal percentage. 

The possibility of inducing and maintaining anesthesia by intra- 
venous injections of emulsions of ether and of chloroform had, indeed, 
been shown by Arloing.t But considerations of convenience and 
precision led us to employ solutions, in spite of the greater dilution 
entailed. 

For obvious reasons we could not induce anesthesia by this means; 
we did so in the usual way by ether vapour, and the necessary pre- 
liminary operations, viz., tracheotomy and the introduction of cannule 
into the carotid artery and femoral vein, were carried out under full 
anesthesia. From this point onwards anesthesia was maintained com- 
plete by periodical injections into the venous system of 10 c.c. of ‘ chloro- 
form (or ether) saline.’ 

In a first experiment a 3 kilo. cat was maintained in profound 
anesthesia for two hours by fifteen such injections, containing a total 
amount of 750 mgms. of chloroform, i.e., at room temperature, 150 c.c. 
of chloroform vapour. 

Our object in adopting this method of anesthesia was to institute a 
strict comparison between the effects of chloroform and ether and other 


} Arloing, Recherches expérimentales comparatives sur Vaction du chloral, du 
chloroforme et de Véther, Paris, 1879, 
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anesthetics, with precise knowledge of the actual mass of the anesthetic 
introduced into the organism, The comparison of ether with chloroform 
introduced by inhalation is valuable and necessary, inasmuch as in- 
halation is the ordinary and regular means of introduction; but for an 
exact knowledge of the comparative effects of ether and chloroform at 
equal masses of the two drugs, inhalation is inadmissible, and it is 
necessary to proceed by intravenous injection. 

The solubility of ether in saline—upwards of 8 per cent. at ordinary 
temperature—permits the employment of a solution of ether in saline at 
5 per cent. by weight. 

We used, therefore, a 5 per cent. solution of ether in comparison with 
a 0°5 per cent. solution of chloroform, i.e., a mass relation of 10 grammes 
of ether to 1 gramme of chloroform (or a molecular relation of 16 mols. 
of ether to 1 mol. of chloroform). 

In experiment No. 2 we noted that the injections of 10 c.c. of 5 per 
cent. ‘ ether saline ’ produced rather larger effects on the blood-pressure 
than did an equal volume of 0°5 per cent. of chloroform saline; but in 
this experiment we had not insured that the intravenous injections of 
10 c.c. were made with equal rapidity, and we did not, as in our next 
experiment, systematically alternate the injections of chloroform and 
ether ; we also noted in this experiment that the ether injections produced 
a greater effect on the respiratory movements than the injections of 
chloroform. 

Eaperiment No. 2.—July 29,1909. Cat 35 hilos. 


Fall of 
Blood-pressure. Blood-pressure. 

Min. Mm. Hg. Mm. Hg. 

14 Eth, 145 25 

18 Chl, 160 15 

32 Eth, 150 50 

35 Chi, 155 35 

52 Eth, 160 120 

55 Ch], 135 25 

67* Eth, 155 70 

70* Chl,, 155 20 

90 Eth,, 150 100 

93 Chl,, 140 30 

98 Chl,, 145 25 
101 Eth,, 140 70 


Experiment No. 3.—July 30,1909. (Alternate injections of 10 c.c. of Chloroform 
Saline and Ether Saline.) 


Fall of 
Blood-pressure. Blood-pressure. 

Min. Mm. Hg. Mm. Hg. Resp. 

4 C, 140 80 Diminution 

8 E, 100 70 ; Arrest 
16 Cc, 160 70 Brief arrest 
23 E, 150 70 Arrest (art. resp.) 
27 C; 170 80 Arrest 
32 E, 160 100 Arrest 
41 C, 150 80 Brief arrest 
45 E, (8 c.c.) 150 80 to 110 Arrest 
4) C; 140 70 No effect 
53 E, (8 ¢.c.) 140 70 to 90 Arrest 
60t is 130 90 Arrest 
67+ E, (8 cc.) 140 70 to 90 Arrest 
74 C, 140 90 Arrest 
80 EK, (8 c.c.) 100 Death Permanent arrest; 


* See Plate XI, t See Plate XII, 
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During 80 minutes the animal had had injected into the circulation 
70 c.c. of chloroform saline (0°350 gramme of chloroform) and 60 c.c. 
of ether saline (3 grammes of ether). 

The effect of 0°5 gramme of ether was rather greater than that of 
0°05 gramme of chloroform. 

The effect of 04 gramme of ether was, as nearly as possible, equal 
to that of 0°05 gramme of chloroform—i.e., by weight chloroform was 
found to be about eight times as powerful as ether. We proceeded to 
compare the effects of chloroform and alcohol, taking ‘ chloroform 
saline ’ at 0°5 gramme per 100 of chloroform, and ‘ alcohol saline’ at 16 
grammes per 100 of ethyl alcohol. Our anticipation was that approxi- 
mately equal effects should be produced by the intravenous injection of 
equal volumes of these two solutions, and as a matter of fact our expec- 
tation was fulfilled by the following experiment :— 


Experiment No, 4.—August 3, 1909. Cat 2°5 kilos. 


Fall of 

Min. Blood-pressure, Blood-pressure. 

4 C, 150 50 

6 A, 150 50 

9 Cc 150 50 
13 IN 140 50 
18 C; 100 40 
22 E, (5 c.c.) 90 30 to 60 
32 A, 5 100 20 
42* C, 100 30 
45* A 90 30 


- 


In this experiment the depressions of blood-pressure by what we had 
taken as physiologically equivalent injections of chloroform and alcohol 
were practically equal; we noted, however, that the alcohol depression 
was more gradual and more enduring than the chloroform depression. 
The ether depression was characteristically double. 


Experiment No. 5.—August 5, 1909. Cat 4 kilos. 


Min. Blood-pressure. Fall. 
4 Chl, 8 c.c. 0:040 gm. 200 50 
6 Ale, 10 1:600 ,, 200 80 to 130 
13 Chl, 10 c.c. 0:050 ,, 150 20 
18 Ale, 5 c.,c. 0:800 ,, 150 10 
20 Chl, 10 0:050 ,, 150 30. 
Death. 


Experiment No. 6.—August 6,1909. Cat 1:3 hilos ; injections of 5 ¢.c. alcohol suline, 
ether saline, and chloroform saline. 


Fall of 
Time. Injecti Blood-pressure. Bloud-pressure. 

Min. mC Mm. Hg. Mm. Hg. 
3 A, 140 60 
25 E, 130 50 
45 C, 120 40 
50 A, 110 50 
60 AS 100 60 
70 E, 100 50 
80 Cc, 90 50 


Further experiments will be required to bring out in detail, by the 
method of saline injections, the comparative effects of chloroform, ether, 
and alcohol (and other reagents). The examples we have quoted may, 
however, be taken as preliminary evidence of the mutually confirmatory 


* See Plate XIII. ~ 
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character of the method of intravenous injection and of the sartorius 
method. 

By the Sartorius method (Appendix IV.) one gramme of chloroform 
was found to be physiologically equivalent to eight grammes of ether and 

ato 40 grammes of alcohol. 

By the method of intravenous injection one gramme of chloroform 
was found to be physiologically equivalent to eight grammes of ether 
and to 32 grammes of alcohol. 


The Electrical Phenomena and Metabolism of Arum Spadices.— 
Report of the Committee, consisting of Professor A. D. 
WALLER (Chairman), Miss SANDERS (Secretary '), Professor 
GotcH, and Professor FARMER. 


Tue lines along which this investigation developed during the year 
1907-08 led us to pay special attention to the general question of electrical 
response, and, in particular, to the question of transmission in vegetable 
tissues. In that connection it had been found that ‘thermic stimula- 
tion ’ alone was capable of arousing an electrical response at a distance, 
mechanical and electrical stimulation being quite ineffective in this 
respect. This result was remarkable as being altogether opposed to the 
results of excitation in the case of animal tissues—nerve, muscle, heart. 
In these tissues, while the propagation of excitation, as indicated by its 
electrical signs, is quite clear, mechanical and electrical excitations are 
effective, whereas thermic excitation in its strict sense is exceedingly 
doubtful. This obvious opposition between the results in the two cases 
of animal and vegetable tissues led us to realise the very uncertain 
character of our knowledge concerning thermic excitation and the effects 
of heat upon the electrical state in animal as well as in vegetable tissues, 
and obliged us to undertake a far more extensive investigation than had 
been at first contemplated, viz., that of the effects of heat upon the 
electrical state of living tissues, animal as well as vegetable. To embrace 
the whole of this extensive field has, of course, been impossible. All 
that we could hope to do was to approach it at one or two promising 
points, at which we might expect to obtain positive data concerning 
vegetable tissues, which we have kept before us as our central point of 
attention. We have from time to time communicated, and when possible 
demonstrated, our results as regards animal tissues to the Royal Society 
and to the Physiological Society.2 These results, as regards vegetable 
tissues, are given in the present Report, together with a summary of the 
papers referred to below. 

‘The relative ease with which electrical response appears to be aroused 
in vegetable tissues by heat led us to retry under improved conditions of 


1 In the absence of Miss Sanders the duties of Secretary have been carried out 
by Mrs. Waller. 

? No. 1. Do thermic shocks act. as nerve-stimuli? Proc. Physiol. Soc., January 23, 
1909. 

No. 2. Do thermic shocks act as muscle-stimuli? JZbid., February 27, 1909. 

No. 3. The effect of heat upon the electrical state of living tissues—muscle, 
nerve, skin. Jbid., February 27, 1909, and in Proc. R.S., March 1909, 
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experiment the question formerly put as to whether muscle and nerve 
are excitable by thermic stimuli. This retrial was all the more necessary 
in that, although the original publications of fifty and thirty years ago by 
Valentin, Eckhard, Pickford, and Grutzner give answers that are in 
substance in the negative, most recent text-books of physiology include 
‘thermic stimuli’ in the list given of the various kinds of stimuli by 
which nerve and muscle can be excited. So that anyone coming fresh to 
the subject would be justified in assuming as a fixed datum of accepted 
knowledge that muscle and nerve can be excited by thermic shocks, 
whereas, as a matter of fact, the results of experiments, when first wit- 
nessed fifty years ago, were more than doubtful, and there is no subse- 
quent sign in the literature of the subject to indicate that the experiments 
have ever been tried again; far less has any demonstration been given 
of either an affirmative or a negative answer to the question. 

Paper No. 1! reports the experiments and results from which we draw 
the conclusion that the stimulation of nerve by the brief localised applica- 
tion of heat cannot be demonstrated by any regular effects in the muscle 
or in the galvanometer, the effects, if any, being irregular (and irrever- 
sible) and attributable to desiccation. Therefore the answer to our ques- 
tion, ‘ Do thermic shocks act as nerve stimuli?’ is a clear negative. It 
need hardly be added that the answer applies solely to nerve fibres, and 
not to nerve terminations, and that it does not involve the well-known 
influence of heat upon excitability to ordinary forms of stimulation. 

Paper No. 2? gives an account of experiments made in answer to the 
question, ‘ Do thermic shocks act as muscle stimuli?’ It is more 
difficult to answer by a decided ‘ Yes’ or ‘No’ to this question, 
because, on the one hand, muscle gives a contraction at each thermic 
shock that is to all appearance a ‘ sign of life,’ in which case the answer 
is ‘ Yes,’ and, on the other hand, altogether similar ‘ contractions ’ 
can be obtained on nerve that are assuredly not a ‘ sign of life,’ in which 
case the answer is ‘No.’ The balance of probability is, therefore, that 
the answer is, as before, in the negative. 

Paper No. 3% contains conclusions that we regard as being of very 
considerable general importance towards a comprehension of the chemical 
changes underlying excitatory effects in animal and vegetable tissues, 
and offers evidence of an opposition between the electrical effects of 
excitation and those of a brief application of heat. 

As regards animal tissues we investigated isolated muscle, isolated 
nerve, and isolated skin; as regards vegetable tissues we used pea and 
bean seedlings and the young fronds of maidenhair ferns. We com- 
menced by observations on the sartorius muscle of the frog, repeating, 
under improved conditions of experiment, the observations of Worm- 
Miiller and Hermann, whose results we considered to be inconclusive. 
The uniform result of our observations, from which the fallacy caused 
by thermo-electric currents was carefully excluded, was to the effect that 
the brief local application of heat (by means of a current of warm air) 
is to render the warmed spot ‘ anti-zincative’ (galvanometrically 
positive) to any normal unwarmed spot ; on repetition of the application 


1 Do thermic shocks act as nerve-stimuli? Proc. Physiol. Soc., January 23,1909. 

2 Do thermic shocks act as muscle-stimuli? Jbid., February 27, 1909. 

§ The effect of heat upon the electrical state of living tissues. Proc. Physivl. 
Soc., February 27, 1909, and Proc.F.S., vol. 81 B., p. 303, 1909. ‘ 
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or by more prolonged continuous heat the warmed spot was rendered 
“zincative ’ (galvanometrically negative). Thus the electrical effect 
of little heat—z.e., of a comparatively small rise of temperature—is of 
the opposite sign to that of much heat—i.e., of a comparatively large 
rise of temperature, and to that of injury; and we think there can be 
no doubt that the effect of much heat is in reality an effect of local 
injury, which, as is well known, is of the same electrical sign (zincative 
or negative) as that of the effect of local excitation. We note, there- 
fore, as our conclusion that the first electrical effect of local heat is of 


heat 


heat 


heat 


heat 


Effect of heat locally applied as described in the text under B (six times repeated) 
and under A (four times). In the first group B is rendered anti-zincative. In 
the second group A is rendered anti-zincative. 


opposite direction to that of local excitation—.e., that the effect of 
moderate heat is anti-excitatory. 

Similar experiments upon isolated frog’s nerve gave similar results, 
from which we draw a similar conclusion confirmatory of the idea that 
the effect of moderate heat is anti-excitatory. : 

Similar experiments upon isolated frog’s skin were particularly 
satisfactory. In this case the electrical effect of local excitation was 
to render the excited spot ‘ anti-zincative ’ (galvanometrically positive), 
and that of local moderate warmth was to render the warmed spot 
“zincative ’ (galvanometrically negative). Thus, whereas the. effects 
of excitation and of heat are of reversed sign upon the skin as compared 
with muscle and nerve, the electrical effect of local heat is, as in 
the case of muscle and nerve, of opposite direction to that of local 
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excitation. We have, therefore, as a general conclusion covering the 
three cases of muscle, nerve, and skin that the effect of moderate heat 1s 
anti-excitatory. 

And we may refer back to the negative answers given to the question 
whether thermic shocks can act as stimuli to-muscle. Obviously the 
fact that ‘thermic shocks’ give upon muscle and nerve electrical 
effects in opposite direction to that of the effects of excitation—t.e., in 
an anti-excitatory direction—is in harmony with the conclusion that 
they do not act as stimuli to either muscle or nerve. The phenomena 
of heat-paralysis, moreover, which are apparently entirely non-exci- 
tatory, are in equal harmony with the conclusion.* 

Similar experiments upon plants give results similar to those 
obtained upon muscle and nerve—i.e., zincativity in consequence of local 
injury and local excitation ; anti-zincativity in consequence of moderate 
local warmth. So far the identity of electrical effects in the case of 
animal and vegetable tissues is complete. The points on which identity 
is not complete relate (1) to the question of transmission, and (2) the 
question whether thermic shocks act as plant stimuli. We do not feel 
prepared to give a firm answer to this second question. On the side 
of a negative answer we have the fact that the electrical effect of 
moderate heat is in the anti-excitatory direction. On the other hand, 
the facts concerning transmission in which ‘thermic excitation’ was 
employed appear to imply an affirmative answer. Nevertheless, on 
weighing the probabilities of the case, we think it nearer the truth to 
speak of excitation by thermic injury rather than of thermic excitation 
proper, and we incline to the opinion that moderate heat in plants as 
well as in animals is anti-excitatory. 


Note by Dr. Waller.—We find it difficult at the present stage to 
reconcile this conclusion with the undoubted fact that up to a certain 
limit the rate of chemical change is augmented by rise of temperature. 
It might have been anticipated a priori that sudden rise of temperature 
would arouse greater chemical action of the same character as that 
aroused by mechanical or electrical excitation, and therefore an electrical 
change of the same sign. As a matter of fact, however, the electrical 
change aroused by moderate heat, as stated above, has always proved to 
be of the opposite sign to that aroused by mechanical and by electrical 
excitation. 


Note by Dr. V. H. Veley.—Dr. Waller has referred to me the 
difficulty set forth in the preceding note. The answer, as far as I am 
able to judge from the data, can be given as follows :— 


Limiting our attention to muscle only, let us suppose a potential 
(and partial) chemical change, which becomes actual under slight varia- 
tions of conditions, of a certain nature-stuff, called hereafter, for the 
sake of brevity, ‘inogen.’ Let us further suppose that this chemical 
change can take place in either of two directions, namely those of com- 
bination and of dissociation, being a simple reversible change of the type 
X+Y 2 XY. Let us assume that such change is endothermal at a 


: Brecht, ‘Observations on the Nature of Heat-Paralysis in Nervous. Tissues.’ 
American Journal of Physiology, vol. xxii., September 1, 1908. : 
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lower temperature and exothermal at a higher temperature, then its 
graph may be represented as under :— 


% of Chemical change 


Temperature 


The ascending portion of the curve represents chemical combination 
as induced by heat, the descending point chemical dissociation or decom- 
position induced by excitation, both, of course, being partial; the 
maximum point being that of injury or of initial excitation, as the 
case may be. 

The graph corresponds to the more general diagram by which Dr. 
Waller has represented the effects of heat and excitation, viz. :— 


Heat <—_  -——> 
Excitation or injury —> <— 


Such chemical changes of the inogen, as represented in the graph, 
correspond to well-known chemical changes such as the formation or 
decomposition of hydrogen iodide from or into its constituent elements, 
or of hydrogen sulphide and hydrogen selenide (cf. Bodenstein ‘ Zeit. 
Phys. Chem.’ 1899, 29, 295, 315, 429). 

From this standpoint it is quite conceivable that the chemical (and 
electrical) effects of heat and of excitation respectively should take place 
in opposite directions. The observations given in the Report appear to 
indicate that this is actually the case. 


The Effect of Climate upon Health and Disease.—Fourth Report 
of the Committee, consisting of Sir LaupER Brunton (Chair- 
man), Mr. J. Barcrort and Lieut.-Colonel R. J. 8. Simpson 
(Secretaries), Colonel Sir D. Brucs, Dr. S. G. CampsExL, Sir 
Kenpat Franks, Professor J. G. McKernpricx, Sir A. 
MitcHetu, Dr. C. F. K. Murray, Dr. C. Porter, Dr. J. L. 
Topp, Professor G. Sims WoopHeap, Sir A. E. Wricut, and 
the Heads of the Schools of Tropical Medicine of Liverpool, 
London, and Edinburgh. 


Tae Committee have received a number of communications from 
many parts of the world bearing upon various subjects of investigation. 
No progress has been made with the co-ordination of the data becausa 
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the work itivolves a considerable amount of clerical assistance, for 
which at present no provision exists. Researches upon the following 
subjects have been completed by individual members of the Committee : 

(1) An analysis of the climatic conditions accompanying the 
incidence of epidemics of influenza in London in the past twenty years. 

(2) One of the Secretaries, Lieut.-Colonel Simpson, C.M.G., has 
published the results of his investigations of the ‘ Effects of Heat in 
the South African War.’ ! 

(3) The other Secretary, Mr. Barcroft, is now engaged on a study 
of certain conditions of the blood which influence respiration at high 
altitudes. These researches will be ready for publication, in part at 
all events, in the course of the ensuing year. 

The Committee desire that they should be reappointed, and they 
ask for a grant of 151. 


The Structure of Fossil Plants.—Interim Report of the Com- 
mittee, consisting of Dr. D. H. Scorr (Chairman), Professor 
F. W. Ouiver (Secretary), Mr. EK. A. NEWELL ARBER, and 
Professors A. C. Sewarp and F. E. WEIss. 


Most of the sections purchased are for Mr. H. H. Thomas’s work 
on the structure of the leaves of Calamites and Sphenophyllum. He is 
obtaining interesting results, and his paper on the Calamitean leaves is 
likely to appear shortly, that on the leaves of Sphenophyllum following 
later. Little work has been done hitherto on the anatomy of these 
organs, as shown in the English coal measure material, and this investi- 
gation is likely to prove of considerable value from the point of view of 
physiological as well as of morphological anatomy. 


The Experimental Study of Heredity.—Interim Report of the 
Committee, consisting of Mr. Francis Darwin (Chairman), 
Mr. A. G. TansuEy (Secretary), and Professors BATESON and 
KEEBLE. (Drawn up by Professor BATESON.) 


' My own experiments have consisted chiefly in continuation of the 
investigation of heredity in poultry, sweet peas, and some other subjects. 

Miss Saunders has been for the most part engaged in experiments on 
the inheritance of double flowers in stocks and in several other genera. 

Miss Killby has, as hitherto, assisted Miss Saunders in her work, and 
is undertaking a separate study of colour-inheritance in the annual 
phloxes. 

The results attained in these several researches will be published in 
due course. 


1 Journal of the Royal Army Medical Corps, March 1909. 
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Clare Island.—lteport of the Committee, consisting of Prolessor 
T. Jonnson (Chairman), Mr. R. Lioyp Prancsr (Secretary), 
Professor GRENVILLE CoLe, Dr. ScHarrr, and Mr. A. G. 
TANSLEY, appointed to arrange a Botanical, Zoological, and 
Geological Survey of Clare Island. 


Work was begun at Easter 1909 when a party cf nine members visited 
the island and the adjoining mainland, remaining for periods varying 
from five to nine days. Zoological, botanical, and geological work was 
carried out, special attention being given to land and fresh-water 
mollusca and to marine alge. On May 15 a party of four proceeded 
to the island; birds, worms, and Muscinee in particular being studied. 
They remained at work in the district for from one to three weeks. On 
June 8 a party of nine went to the island. The fresh-water fauna of 
the island and district (Crustacea, Rotifera, Hydrachnida, &c.) in par- 
ticular was studied. Good collections of insects were also made. In 
addition to these organised parties, several other workers have been 
sent down separately, mosses, hepatics, and lichens in particular being 
collected. During July two parties, numbering in all fourteen persons, 
have been arranged for, and much collecting and observation will be 
carried out. In August a party of about fifteen will go down, and in 
September another party. 

The greater part of the material collected has not yet, of course, 
been worked out; but some interesting plants and animals have been 
already recognised, including a number hitherto unknown in Ireland. 


Mental and Physical Factors involved in Hducation.—Interim 
Report of the Committee, consisting of Professor J. J. Finp- 
LAY (Chairman), Professor J. A. GREEN (Secretary), Pro- 
fessors J. ADAMS and K\. P. CuULVERWELL, Mr. G. F. DANIELL, 
Miss B. Foxnry, Professor R. A. Grecory, Dr. C. W. 
JtimMins, Miss Masor, Der ia. Nom, Dr SPHARMAN, Miss 
L. Epna WADTER, and Dr. F. WARNER. 


Sir E. Brasroox, Mr. T. Loveday, Dr. Slaughter, Mr. Bompas Smith, 
and Mr. Twentyman have been co-opted upon the Committee. 

The Committee have during the year been engaged in a preliminary 
inquiry as to the nature of the work that is at present being carried on, 
and as to the chief centres of activity. 

The problems of education and instruction have been the subject of 
experimental inquiry of a sporadic kind during the whole of the nine- 
teenth century, beginning with the work of Pestalozzi in Switzerland, 
who, in spite of defective equipment as a psychologist, endeavoured to lay 
the foundations of educational practice upon established facts of mind. 
He aimed at the discovery of formule, psycho-physical laws, as he called 
them, upon the basis of which text-books of instruction might be written ; 

1909, ¥ 
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and also advocated the establishment of institutions of pedagogical 
research, and of experimental schools, for which Kant himself had 
pleaded in still earlier days. 

The connection of Universities with the problem goes back to the 
middle of the eighteenth century, when first Gesner and then Wolf esta- 
blished discussion classes for future schoolmasters in connection with 
their chairs. It was Herbart, however, who, during his tenure of the 
Chair of Philosophy and Pedagogy in K6nigsberg, made the Paédagogisches 
Seminar an essential feature of a German University, and a pupil of his, 
Stoy, founded what is still the most famous School of Pedagogy in Europe, 
if not in the world. For a time the reputation of another Herbartian, 
Ziller, made that of Leipsic still more important; but Ziller’s death led to 

the abandonment of the most essential feature of such a Seminar from 
the Herbartian standpoint, viz.: the Uebungsschule. The University of 
Jena is now the only German University which maintains a permanent 
school in which the teaching of the Professor of Education may take a 
concrete shape, and where experimental work may be carried out. 

In America and in England such schools have been established more or 
less on the Jena model. In Chicago an experimental school was esta- 
blished under the direction of Professor Dewey, and in England, thanks 
to the generosity of a private donor, the University of Manchester has been 
able to place the Fielden Demonstration Schools on a permanent footing. 
Important accounts of work done have issued from both these schools.* 

Schools of this kind have usually been regarded as providing a field 
in which the general principles of education as taught by the Professor 
might take practical shape, not with the idea of attaining finality, but 
rather of showing ways in which principles might be applied, and of 
inspiring the students to fresh and varied effort in the application of 
them to the conditions of the ordinary schools. The existence of the 
school has naturally had a far-reaching effect upon the teaching of the 
Professor, who finds contact with reality a never-failing source of sug- 
gestion, as well as a testing-ground for the adequacy of his theories. In 
the main the problem of these schools is one of organisation in accordance 
with clearly conceived principles; their function is, on the one hand, to 
inspire students with a sense of the importance of basing teaching pro- 
cedure upon rational grounds, and, on the other hand, to discover the 
necessary compromise between principles more or less abstract in 
character and the necessities of the practical situation. 

Thanks very largely to the progress which has been made in experi- 
mental psychology, these schools are already in some cases serving a new 
cause—viz., the effort to base educational theory and practice upon 
ascertained facts in the physical and mental development of the child. 
It is difficult to appraise the work so far accomplished, but the Com- 
mittee have satisfaction in reporting that wide interest has been already 
roused, and no mean yolume of work has been placed upon record. 
They hope to deal with the subject in a later report. 

Recognition is due to those experimental psychologists who, as 
individuals, have taken up this aspect of mind research, and contributed 
largely to securing the recognition of its importance. Amongst 
such men, Professors Binet and Henri in France, Professor Claparéde 


1 The Elementary School Record, University of Chicago Press. The Demonstra- 
tion Schools Record, University Press, Manchester, 
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in Switzerland, Professor Meumann and Professor Stern in Germany, 
Professor Van Biervliet in Belgium, Professor De Sanctis in Italy, 
Professor Stanley Hall in America, take a leading place. Whilst 
their methods differ fundamentally, all these gentlemen are experi- 
mental psychologists who have devoted themselves to inquiries of the 
greatest importance to the teacher. 

In addition to the special interest of these particular professors, 
numerous institutions of a more permanent character have been set up in 
University and other centres. The Municipality of Milan has housed and 
endowed an ‘ Institute of Experimental Pedagogy,’ under the direction 
of Dr. Ugo Pizzoli. The work of this institution was for a time recorded 
in its own journal, ‘ Bollettino di Pedagogia Sperimentale.’ The city of 
Antwerp maintains a pedagogical laboratory under the direction of Dr. 
M. C. Schuyten, who, in addition to the series of year-books regularly 
issued from his laboratory, is also responsible for researches which have 
been published in the ‘ Bulletins de l’Académie Royale de Belgique,’ 
“ Archives de Psychologie,’ &c. In Leipsic, the teachers of Saxony have 
founded, out of their own funds, aided by a State subvention, an Institut 
fiir experimentelle Pddagogik und Psychologie, with Privatdozent Dr. 
Brahn as its director. 

The Russian War Office, curiously enough, has since 1904 maintained 
a laboratory for experimental psychology, with special reference to peda- 
gogical questions. Here investigations are conducted and courses are 
delivered to audiences of teachers. The laboratory is now united with the 
Academy of Pedagogy, which was opened a year ago. Only students who 
have already graduated at some University are permitted to attend the 
courses. The Education Association of Moscow has opened a psycho- 
logical laboratory, and the Psychopddagogisches Institut of St. Peters- 
burg has undertaken an ‘ all-round’ investigation of the daily progress 
of a number of children from birth to their twenty-first year, and upon 
the basis of observed facts it is proposed to fashion their education. 

In Buda Pesth a State institution for research in this field was esta- 
blished in 1906, under the honorary direction of Dr. Ranschburg. It 
originated out of an effort to base the education of defective children upon 
a more scientific diagnosis of their condition, and its work now includes 
the investigation of the mental development of normal as well as of 
abnormal children. 

In France Binet’s interest has led to the foundation of a laboratory 
in close connection with a Paris elementary school in which the investiga- 
tion of children’s capacity and its development, both physical and mental, 
is continuously carried on. 

In America the psychological laboratories of the Clark University 
under the guidance of Drs. Stanley Hall and Sanford, and of the Columbia 
University of New York under Dr. Cattell, are good examples of the 
tendency of the experimental psychologist to pursue problems genetic in 
character. *. 

In addition to these institutions, attached for the most part to Univer- 
sities, a number of societies for the scientific study of children have been 
active in recent years. Amongst these may be mentioned the following 
as typical :— 


La Société libre pour I’ Etude psychologique de l’Enfant, which, 
besides showing an interest in the work that is being done in various 
x¥2 
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centres, actually itself undertakes inquiries into problems of genetic 
psychology. 

The Child Study Sociely of our own country, which is a federation of 
Child Study Societies in London and several large towns, publishes a 
quarterly journal, the ‘ Child Study’; and, though somewhat different 
in character, the 

Institut fiir angewandte Psychologie und psychologische Sammel- 
forschung, of Berlin, which aims at becoming a centre of information 
for all interested in any branch of applied psychology. 

As a further mark of the present-day importance of the work which 
the Committee have undertaken to investigate and report upon, we may 
note the great number of journals which are now largely devoted to the 
subject. 

In addition to those already mentioned, there are in Germany :— 


‘ Zeilschrift fiir experimentelle Pédagogik ’ (Meumann) ; 

‘ Zeilschrift fiir pidagogische Psychologie, Pathologie und Hygiene ’ 
(Kemsies) ; 

* Zeitschrift fiir Kinderforschung ’ (Koch, Triiper, &c.); 

* Pédagogisch-psychologische Studien’ (Brahn); 

‘ Zeitschrift fiir angewandte Psychologie und psychologische Sammel- 
forschung ’ (Stern) ; 

‘Sammlung von Abhandlungen aus den Gebielen der pddagogischen 
Psychologie und Physiologie ’ (Ziehen und Ziegler) ; 

* Pidagogische Monographien ’ (Meumann) ; 


in France :— 
‘ Année Psychologique ’ (Binet) ; 
‘ Bulletin de la Sociélé pour l’Elude psychologique de l’Enfant’ 
(Boitel) ; 


in America :— 


‘ Psychological Clinic ’ ; 
© Pedagogical Seminary ’ ; 


besides others in the Italian, Swedish, Spanish, Russian, and Japanese 
languages. 

It is impossible in this report fo put on record the many important 
experiments which are being carried out in schools in America, London, 
and elsewhere. These are isolated, and the Committee have not yet been 
able to get full information about them. 

The value of the work that has been done cannot, of course, be 
measured by its volume. Some portion of it has probably little per- 
manent value, because it has been done by persons who are not adequately 
trained psychologists or are not competent educational practitioners. 
The Committee feel with Dr. Spearman that ‘the great need of the 
moment is the procural of facilities for research and the training of 
persons to direct it.’ They would in this connection point out the need 
for public assistance. It is a new and important branch of research for 
which few, if any, British institutions are adequately equipped. They 
therefore ask the Sectional Committee to propose to the Committee of 
Recommendations that the Council of the Association should be 
authorised to organise a deputation to the Board of Education urging 
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the need of financial aid to Departments of Education in Universities 
and other higher institutions of learning, for purposes of research. 

In conclusion, the Committee ask that they should be reappointed, 
and that a grant of 101. should be made towards the cost of the inquiry. 
This sum would be chiefly expended in circularising foreign institutions 
and securing such literature bearing on the work that is being done as 
would enable the Committee to report more precisely upon the subject. 


Corresponding Societies’ Committee.—Report of the Comnuttec, 
consisting of Mr. W. WHITAKER (Chairman), Mr. W. PB. D. 
STEBBING (Secretary), Rev. J. O. Bevan, Sir [Epwarp 
Braprook, Dr. J. G. Garson, Principal E. H. GRIFFITHS, 
Mr. T. V. Houmres, Mr. J. Hoprxtnson, Professor Rh. 
Meupona, Dr. H. R. Mun, Mr. F. W. Rupwer, Rev. 
T. R. R. Srepsinc, and the PResIDENT and GENERAL 
Orricers. (Drawn up by the Secretary.) 


Tur Committee beg leave to recommend that the Royal Institution of 
Cornwall and the Liverpool Botanical Society be placed on the list of 
affiliated societies. Applications have also been received from the 
Ipswich and District Field Club to be raised from the associated to the 
affiliated list and from the West Kent Natural History, Microscopical, 
and Photographie Society for affiliation, but the Committee has deferred 
its decision until further or sample parts of the proceedings of these two 
societies have been received. 

The resignations of the Bakewell Naturalists’ Club and the Haslemere 
Natural History Society as associated societies have been accepted by 
the Committee. 

The Committee have had an enquiry arising out of the subject of 
photographic surveys, which was dealt with at the York and Leicester 
meetings, during the past year, as to starting a photographic survey of 
the County of Northamptonshire by the Northamptonshire Natural 
History Society and Field Club if the preliminary funds (about £12) 
could be raised. 

Through the outcome of a clause in the resolution passed at the 
Leicester Conference that steps should be taken ‘ to found or promote a 
photographic record of the town or district in which the British Associa- 
tion holds its annual meeting,’ the Committee are pleased to be able to 
state that an excellent exhibition of photographs, illustrating local 
natural history and archeology, was got together last year by the Dublin 
Naturalists’ Field Club. ‘The collection was shown in a room at Trinity 
College. 

The Committee desire to bring before the Council the unofficial position 
of the Chairman of the Conference of Delegates. They suggest that he 
should be ex officio 1 member of the Committee of Recommendations, 
and therefore in a similar position to the Presidents of Sections. 
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Strong representations having been received as to the want of means 
for the publication of original work from which many scientific societies 
suffer, the Committee, with the consent of the Council, drew up a circular 
headed ‘ Suggested Publication Fund.’ This has been sent out to all 
the chartered and local scientific societies not wholly given up to pro- 
fessional interests. By the end of July rather over forty acknowledging 
and detailed replies had been received to this circular. These have been 
partly considered and analysed, but the Committee await further 
replies and the result of the discussion at the Conference of Delegates 
before drawing up their report on the subject to the Council. 

The Committee have decided to recommend that a discussion, intro- 
duced by Professor Meldola, on its ‘ Suggested Publication Fund,’ 
should form a part of the business to be brought before the Conference 
of Delegates on October 25th and 26th. Special delegates have been 
appointed to joi in this discussion. The Committee have also decided 
that the following subjects be brought before the Conference for dis- 
cussion :— 


‘ National Anthropometry : its object, methods and local organisation. 
Demonstration of methods of measurement.’ To be introduced by 
Mr. J. Gray, B.Sc. 

‘The Financial Position of our Local Societies.’ To be introduced 
by Mr. John Hopkinson (Watford). 


Dr. A. C. Haddon has promised to preside at the Conference in 
London and to deliver an address to the Delegates. 

The Committee ask for confirmation of the appointment of Mr. 
F. W. Rudler as Vice-Chairman and Mr. W. P. D. Stebbing as 
Secretary. 

The Committee further ask to be reappointed with the additional 
name of Mr. A. L. Lewis; and they apply for a grant of £25. 


Report of the Conference of Delegates of Corresponding Societies held 
at the Rooms of the Geological Society in London, 
October 25 and 26, 1909. 


Chairman. : . A.C. Haddon, D.Sc., F.R.S. 
Vice-Chairman d eH Wiemaudlers WS Or 
Secretary. : . W. P. D. Stebbing. 


Owing to the British Association meeting in Canada this year it was 
decided that the Conference of Delegates should meet in London, as was 
the case on the occasion of the South Africa meeting of 1905. The 
meetings were therefore held on the mornings of October 25 and 26, in 
the rooms of the Geological Society in Burlington House. Previously, on 
Sunday, the 24th, the Director (Lieut.-Col. David Prain, C.I.E., F.R.8.) 
and Dr. Stapf conducted a small party round the Royal Gardens at Kew; 
this was followed on Monday by a visit to the Natural History Depart- 
ment of the British Museum at Cromwell Road, under the leadership of 
Dr. A. Smith Woodward, Dr. 8. F. Harmer, and Dr. G. T. Prior; and on 
Tuesday afternoon, by the kindness of the Council of the Zoological Society, 
a party visited the Society’s gardens, and were conducted round by Mr. 
Seth Smith. 


Ag areal 
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First Meeting, October 25. 


The meeting was presided over by Dr. A. C. Haddon, Chairman of the 
Conference, who delivered the following address :— 


Regional Surveys. 


In all our societies there are various kinds of members, who have joined 
for very different reasons. The remarks which I am about to make are not 
intended to apply to the majority of workers. They for the most part know 
what they want to do and how to do it, and their time is usually fully 
occupied. There are, however, many members who are not workers; of 
these there must be a considerable number who accomplish nothing because 
they mistrust their own ability or do not quite know what to do. In other 
words, these members are interested, but not sufficiently interested. The 
problem is, how can their imagination be sufficiently stimulated to constrain 
them to set to work at something ? 

As men have diverse gifts so have they diverse interests. If our societies 
could manage not only to maintain the zeal of their ordinary working mem- 
bers, but to arouse the enthusiasm of fresh workers in old and new subjects, 
the societies would increase their membership and their efficiency, and the 
broader the basis of interest the more stable would be their position. 

The widening of the interests need not lead to superficiality, for each 
worker can be as keen and deep a student of his own branch as his ability, 
time, and opportunities permit. The mingling of enthusiasts of different 
interests is alike stimulating and educative, and it is not loss of time to 
learn what others are discovering in or concerning the neighbourhood. 

With all diffidence I venture to make a few remarks about certain 
subjects which appear to me eminently suitable for the more converted study 
of the members of local societies. 

The relation of geology to the present scenery has been the subject of 
innumerable books and memoirs, but there is yet room for more studies of 
the character of Principal A. W. Clayden’s extremely valuable and interesting 
book, The History of Devonshire Scenery: an Essay in Geographical 
Evolution (1906). Our local societies can give valuable help in the collec- 
tion of the details upon which generalisations of this kind are based, and 
those members who are interested in photography can supply the pictorial 
illustrations. I should like to draw attention to the paper on ‘ Charnwood 
Forest: a Buried Triassic Landscape,’ by Professor W. W. Watts (Geogr. 
Journ. xxi. 1903, p. 623), as an illustration of the close connection between 
geology and geography. At the same time it affords an example of what 
can be done in a limited area by one who combines the gifts of seeing both 
minutely and broadly. 

The study of geography has now been recognised as one of primary import- 
ance, not only for its own sake, but as a department of other branches of 
study. Fortunately, the teaching of geography has undergone a fundamental 
change since the days when most of us were at school, and from being largely 
an effort of memory has become a rational subject. The inter-relations of 
geography with other sciences render it peculiarly valuable as a starting-point 
or a meeting-ground, and the junior members of our societies should be 
encouraged to think geographically—if only the responsible persons in the 
Colonial and Foreign Offices could do so, much friction, ill-feeling, and loss 
would be saved to the Empire ! 

No better illustration of my meaning can be adduced than Dr. Hugh Robert 
-Mill’s admirable paper entitled ‘A Fragment of the Geography of England : 
South-West Sussex’ (Geogr. Journ. xv. 1900, pp. 205 and 353). Allusion 
may also be made to Dr. D. Woolacott’s ‘The Origin and Influence of the 
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Chief Physical Features of Northumberland and Durham’ (Geogr. Journ. 
xxx. 1907, p. 56), and to a number of articles in the Geographical Teacher 
and the Scottish Geographical Magazine. 

Nearly every district affords opportunities for geographical research, and 
guidance in such investigations is not lacking, as the Royal Geographical 
Society has of late years instituted a Research Department, one of the most 
important functions of which is to stimulate, direct, and criticise detailed 
local studies. In the summary of the work done during the last session it is 
stated that ‘one important investigation is proceeding, namely, that upon 
the character of our coast, and its history as regards loss and gain, change 
of level, &c. But there are other objects which would repay attention, and 
among them may be mentioned the changes effected by rivers during historic 
times in the position and form of their beds, the change of level of the land 
now in progress from various causes, and the history of the names of fields, 
where these are of ancient date.’ 

Permit me to say a word about botany, or perhaps I should say local floras. 
While it is necessary to compile lists of plants growing in a district, these 
catalogues are apt to be as dry and lifeless as the actual specimens in a 
herbarium. Fortunately the living interest given to field-botany by the 
late R. Smith (Botanical Survey of Scotland: I. Edinburgh District; IT. 
Northern Perthshire, 1900) has led to fruitful results, and the plant-ecologists 
who follow in his steps have done most excellent work, such, for example, 
as the following :— 

‘ Geographical Distribution of Vegetation in Yorkshire,’ by W. G. Smith 
and C. E. Moss, Geogr. Journ. xxi. 1903, p. 375, and by W. G. Smith and 
W. M. Rankin in Geogr. Journ. xxii. 1903, p. 149. J. G. Baker in his North 
Yorkshire, 1885, and F. A. Lees in his Flora of West Yorkshire, 1888, have 
adapted to Yorkshire Thurmann’s attempt in 1849 to classify vegetation 
according to the mechanical constitution of the underlying rock ; this was a 
step in advance, but modern ecology takes a wider view. 

‘Gecgraphical Distribution of Vegetation of the Basins of the Rivers 
Eden, Tees, Wear, and Tyne,’ by F. J. Lewis, Geogr. Journ. xxiii. 1904, 
p. 313, and xxiv. 1904, p. 267. 

‘The Vegetation of the District lying south of Dublin,’ by G. H. Pethy- 
bridge and R. L. Praeger, Proc. Roy. Irish Acad. xxv. B. No. 6, 1905, 
p- 124. 

‘ Peat Moors of the Pennines: their Age, Origin, and Utilization,’ by 
C. E. Moss, Geogr. Journ. xxiii. 1904, p. 660, may be instanced as an inves- 
tigation that has a more human aspect. 

There still remain many areas in the British Islands where nothing of 
the kind has been done, but which will afford ample opportunities for local 
botanists. 

Even in the well-worked subject of zoology there is much that can be done 
in addition to the record of the local fauna. There are numerous aspects of 
ecology that require to be studied. Even such a simple matter as whether 
birds eat butterflies requires further observation. It would not be uninterest- 
ing to record the faunal variations that occur from month to month in a 
selected sheet of water, or to note if the tributaries to a stream or river differ 
from one another as regards the facies of their respective fauna, and, if so, 
to seek for an explanation of the difference. The inter-relations of climate, 
soil, flora, and fauna present illimitable scope for study. 

The Dublin Naturalists’ Field Club has set a good example in its survey 
of Lambay, an island off the coast of County Dublin, and in that of Clare 
Island, now in progress, which might well be followed. The results of the 
former survey were published as ‘ Contributions to the Natural History of 
Lambay’ in The Trish Naturalist, vol. xvi., January and February 1907, 
while those of the latter will be published by the Royal Irish Academy. 

A fascinating and far-reaching subject is masked under the somewhat 
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repellent title of anthropogeography. This deals with the geographical 
distribution of man and the geographical control (as it is now so frequently 
termed) of man, his actions and works. Although much has been written on 
the effects of climate, geographical and geological conditions, and environ- 
ment generally upon human occupations and settlement, there is yet a large 
field for the energies of local observers. Inquiries such as these are at the 
same ee geographical, ethnological, archeological, historical, and socio- 
logical. 

As an example of more strictly ethnological inquiries, permit me to refer 
you to a paper on ‘ The Ethnography of the Aran Islands, County Galway,’ 
by A. C. Haddon and C. R. Browne (Proc. Roy. Irish Acad. [8] ii., 1893, 
p. 783), and to the subsequent papers by Dr. Browne in later numbers of the 
Proceedings. The subjects investigated were as follows :—I. Physiography, 
including the main geological and geographical conditions, climate, flora, 
and so forth. II. Anthropography, including statistics of hair- and eye- 
colour, physical measurements, vital statistics (population, acreage and 
rental, language and education, health), psychology, names. ITI. Sociology, 
including occupations, family life and customs, food, clothing, dwellings, 
transport. IV. Folk-lore V. Archeology (survivals, Christian antiquities, 
pagan antiquities). VI. History, &c. The methods of investigation, subjects 
studied, and mode of presentation of facts could be considerably improved ; 
but I cannot but feel very strongly that we need investigations of this nature 
from every part of the country. Not only as regards savage and barbaric 
peoples, but also at home, our watchword should be the extensive study 
of limited areas. At the risk of appearing egotistical I may draw your 
attention to my Study of Man (London: John Murray, 1898), wherein 
numerous examples are given of various branches of ethnology which can be 
studied in our own country, and where I have also described some of the 
methods of ethnographical investigation. 

There are signs that the value of studies of this nature is being recognised. 
A short time ago I read a review of a recent book by Jules Sion, Les Paysans 
de la Normandie Orientale, stating that ‘ this work endeavours to describe 
the physical environment as mankind found it in Kastern Normandy, and 
then goes on to trace the influences of that environment on the life of the 
inhabitants, together with the complex reactions of human activities on the 
characters of the district. .... The reader of this work will be tempted to 
hope that some day the local and provincial authorities of Britain may read 
studies of this kind, which would be invaluable helps towards working out an 
evolutionist and non-partisan policy for the healthy economic and social 
development of the districts under their charge.’ 

-How detailed local study can elucidate history is exemplified in a sugges- 
tive paper entitled ‘ The Inclosure of Common Fields considered Geographi- 
cally,’ by Dr. Gilbert Slater (Geogr. Journ. xxix. 1907, p. 35), in which the 
author studies ‘‘‘ the extinction of village communities”? or ‘‘ throwing 
parishes into the melting-pot.’’ These phrases imply that in places where 
common fields, as distinct from commons, are inclosed (1) there was, before 
inclosure, a definite survival from ancient times of the village community ; 
(2) that such inclosure was a village revolution, a crisis in the village history, 
from which the village emerged with its social constitution materially altered. 
- . . . The inclosure of common fields is, it is clear, a feature of our national 
history, which needs to be viewed from the geographical as well as from the 
legal, agricultural, economic, and social points of view to be fully under- 
stood.’ 

Mr. Laurence Glomme’s ‘The Story of London Maps’ (Geogr. Journ. 
xxxi. 1908, pp. 489, 616) indicates what may be done in a sitnilar direction 
for other towns. ; 

It is net possible to give every example of a local history on broad lines, 
but I should like to draw your attention to The Evolution of the Ancient 
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Town of Pickering in Yorkshire, by Gordon Home (London: J. M. Dent & 
Co. 1905).* 

It would be advisable, if we could, to get more of the local photographic 
societies to work in harmony with other societies than is at present the case. 
They have their own proper functions, such as the interesting and training 
of beginners, the giving of demonstrations of various technical methods, 
artistic photography, and the like. There is, however, no reason why photo- 
graphers should not co-operate with other workers and photograph scenery, 
geological sections, plant-colonies, folk-lore subjects such as old customs, 
- old buildings, and other objects which are of interest for their antiquity or 
history, or which are in danger of destruction. By being pressed into this 
service they would assist their colleagues in other departments, and at the 
same time could follow out the special objects of a photographic society. 

There are several counties which have a committee or society devoted to 
a photographic record survey. These need to be increased, and smaller units 
might be made, since possibly a regional photographic survey might appeal 
to more people than would a county survey; at all events the two are not 
mutually exclusive. 

It would be presumptuous of me to offer you advice, but I would like to 
ask your consideration of the advisability and feasibility of local societies 
making it a part of their function to consider their area as a whole. By doing 
so they can attract new members and stimulate both the newer and the older 
workers. Wherever an individual’s interest may lie, there is almost certain to 
be something of local interest that will appeal to him. There is plenty of scope 
for the usual type of field-naturalist and antiquary; at the same time there 
are new ways of regarding old subjects which need fresh workers. Even 
while details are being amassed there should always be kept in view the 
reasons for their accumulation. I should be the last to ignore the fact that 
all work that is worth doing necessitates a great deal of tedious labour ; 
observations have to be made and remade, and the discipline of research must 
be regarded as one of its rewards; but, at the same time, the labourer should 
from time to time raise his head from his immediate work and look around 
him. Facts by themselves are liable to be but dull things; it is their inter- 
pretation that really counts. A heavily laden hulk makes very slow progress, 
and, on the other hand, a vessel with very little cargo but carrying much sail 
is liable to heel over. It is surely one of the functions of the Council of a 
local society to strike the balance between the two extremes. I would there- 
fore suggest that those in authority in the local societies should definitely 
direct local effort. The results obtained by individuals or groups of workers 
would be published in most cases, I presume, in the Proceedings of the Society 
or in some other journal ; but if they were reprinted in the local newspapers 
a great stimulus would be given to the intelligent teaching of geography and 
history in the schools, since immediate and actual facts are more interesting 
and impressive to most people than those that are remote, which must at the 
same time almost necessarily be vague. 


Mr. William Dale (Hampshire Field Club and Archeological Society), 
in proposing a vote of thanks to the Chairman for his address, said 
the Conference was under deep obligation to Dr. Haddon, whose sug- 
gestions were most valuable, and who had shown a singular aptitude 


1 Since giving this address there has appeared a very valuable and suggestive 
book by Miss M. F. Davis, entitled Life in an English Village: an Economic 
and Historical Survey of the Parish of Corsley, in Wiltshire (Fisher Unwin, 
1909). A work of this kind supplies invaluable data alike for the theoretical and 
practical economist, and while it may be profitably imitated by workers in other 
districts, each investigator would naturally vary the treatment of the subject 
pre to his (or her) previous training and predilections and the character of 

ne district. 


CORRESPONDING SOCIBTIES. 331 


for setting other people to work. He hoped that when the address was 
printed it would come forth in an enlarged form, and be read by all 
the Societies which were represented that day, as well as by those who 
were not. As an instance of the value of employing others, Mr. Dale 
said that his own large collection of prehistoric objects was formed largely 
through his teaching workmen who dig the soil what to look for. He hoped 
that each county in England would be able to find someone who would 
record the earthworks within its borders. He had succeeded in finding 
a worker who was now successfully scheduling those of Hampshire. He 
also said that, although the appointments on the Ancient Monuments 
Commission were not all that could be desired, it was the duty of the local 
societies loyally to assist that body. 

Mr. F. A. Bellamy (Ashmolean N.H. Society of Oxfordshire) seconded 
the vote of thanks. 

Mr. F. Balfour Browne (Belfast Naturalists’ Field Club) was very glad 
that the subject of regional surveys had been raised, but he feared that the 
Chairman expected too much from the amateur. A survey of Lambay Island 
had been made, and another of Clare Island was in progress. Such 
surveys resulted largely in mere lists of species, and it was only the trained 
biologist who could make use of these. The amateur was doing very good 
work as a collector, and as a rule we should not expect more from him. 

Mr. Hopkinson (Hertfordshire Natural History Society) spoke as to the 
importance of surveys, whether geographical or biological, being undertaken 
on a definite plan and by concerted action, and as to the false impressions 
which might arise from one district, be it a county or other division, having 
undergone thorough investigation, while others had been entirely neglected. 
At any time from about the year 1865 to 1890, he said, it might have been 
inferred from the recorded distribution of the Freshwater Rhizopoda in the 
British Isles that they were almost exclusively confined to Ireland; but as 
they have not been investigated there for the last thirty years or more, and 
have been assiduously collected in a few districts in England, Wales, and 
Scotland, Ireland would now have been far behind in the number of its known 
species had not he, in a few days’ collecting in County Wicklow last year 
(September 1908), more than doubled the number hitherto known for the 
whole of the Emerald Isle. 

A more striking instance of the misleading effect of isolated instead of 
concerted effort is that of our knowledge of the Diptera of Hertfordshire. In 
the British Museum there is a collection of about 1,000 species of flies from 
Felden, Boxmoor, not one-quarter of which are known to occur in any other 
part of Hertfordshire. The collection was formed by Mr. Albert Piffard, 
and in it there is only one flea, whilst the Hon. N. Charles Rothschild has 
found thirty species of pulicide at Tring, not one of which, except the Felden 
species (which is not Pulez irritans), has been recorded from any other part 
of the county. The list was published last year in the Transactions of the 
Society he represented, and although he did not think that Hertfordshire was 
particularly troubled with flies in general or with fleas in particular, he 
doubted whether any other county could show nearly so large a list of either. 

In the discussion Dr. G. B. Longstaff, Dr. J. G. Garson, and Mr. H. D. 
Acland also spoke. 


On the motion of the Chairman the meeting passed a hearty vote of 
thanks to the President and Council of the Geological Society for permitting 
the Conference of Delegates to meet in the Society’s rooms. 


The Secretary then read the report of the Corresponding Societies Com- 
mittee to the British Association at Winnipeg. 

The Secretary announced that the Rules of the Association had been 
amended so as to include the Chairman of the Conference of Delegates 
among the ex officio members of the Committee of Recommendations. _ 

Mr. H. D. Acland (Royal Institution of Cornwall), as a matter on which 
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tlie Conference might express an opinion, suggested that the British Asso- 
ciation should be the central body to encourage and direct local societies, that 
a circular should be sent to all such societies, whether in correspondence or not, 
suggesting that discoveries or original work should be reported to the British 
Association, and asking that schoolmasters and children and employers of 
labour should be desired to report any matter of interest to the local society. 

Myr. F. Balfour Browne gave notice that he intended to bring up before 
the next meeting of the British Association a proposal that a committee of 
biologists should be formed to recommend the adoption of a definite system 
on which collectors should record their captures. The real use of the 
collectors’ list is for the student of distribution, and if all the records were 
made on a definite system the regional surveys would be of definite use. The 
county and vice-county system, as laid down by H. C. Watson (Cybele 
Britannica), was probably the best, but there were several modifications of 
it used by different investigators, and it was necessary that some one form 
of it should be officially recognised. If this were done the regional surveys 
would be really valuable, and since all branches of biology would be worked 
on the same basis, the inter-relationships of the various subjects could be 
brought out. 


Mr. John Gray (Royal Anthropological Institute) introduced the 
following subject :— 


National Anthropometry: its Objects, Methods, and Local Organisation, 


National anthropometry may be described, as far as we are concerned, 
as the study by exact measurements of the origin, racial composition, and 
evolution of the British nation. 

A. time comes in the history of every science when an attempt is made to 
measure the somewhat vague qualities with which perforce the infant 
science is content to deal. ‘The qualitative science becomes quantitative. 
Such a change has already taken place in such sciences as chemistry. 

The change has begun, though it is yet far from complete, in the science 
of anthropology. We may define anthropometry as quantitative anthro- 
pology. 

We can measure with great precision the bodily structure of man, for 
example—his weight, height, head, and other anatomical dimensions— 
we can also measure with fair precision his physiological functions, such 
as the acuity of vision and hearing, tactile sensibility and muscular power ; 
but a beginning has only just been made by the anthropologist in the exact 
measurement of the higher mental functions. These last promise to be the 
most important of all the departments of anthropometry. 

The objects of national anthropometry may be roughly subdivided into— 

lirstly, those of purely scientific interest, such as questions of the origin 
and racial composition of our people. 

Secondly, those of more utilitarian interest, such as the present-day evolu- 
tion of our people, and the probable changes that may be brought about by the 
new conditions of modern life. 

The value of anthropometry in identifying the various racial elements 
in our population, in ascertaining approximately the epochs of their settle- 
ment in this country, and in determining their affinities with other races, 
may, I think, best be explained by shortly describing some of the results that 
have already been achieved. 

It is now pretty generally accepted among anthropologists that the 
average physical characters of a people tend to remain constant for vast 
periods ef time if there is no admixture with other races and no great 
changes of the environment. In Egypt, for example, it has been proved by 
measurement that the average head-dimensions of the peasantry have 
remained practically constant for some ten thousand years. 
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The ratio of the head-breadth to the head-length has been found to be 
a very valuable index of race. This, when expressed as a percentage, is 
termed the cephalic index, and races having a high cephalic index are said 
to be brachycephalic, those having a low cephalic index dolichocephalic, 
and those with a medium cephalic index mesocephalic. 

In a map showing the geographical distribution of cephalic indexes 
among the various races of the earth it will be seen that the grand centre 
of brachycephaly is in the mountainous regions of Central Asia, and that 
it spreads with reduced intensity through Asia Minor and the Alpine 
regions of Central Europe. The native Indian tribes of America are mostly 
brachycephalic, while dolichocephaly is practically universal in Africa. 
In the south and north of Europe the populations are inclined to dolicho- 
cephaly. 

These general facts give us a datum-line for the determination of the 
probable racial affinities of the prehistoric races of Britain. 

I show a chart of the average head-dimensions of the known prehistoric 
races of Britain. The position of each race on the chart is determined by 
using its average length and breadth of head as a kind of latitude and 
longitude, the diagonal lines showing the cephalic indexes. 

The earliest skulls found in Britain (with the éxception of one solitary 
palzolithic specimen) belong to the neolithic or late Stone Age. This race 
is represented on the chart by two groups, one measured by Davis and 
Thurnam and the other by Schuster; both these groups are dolichocephalic. 
Following the neolithic race, at the beginning of the Bronze Age, a short 
hyper-brachycephalic race, with a cephalic index of 86, entered Britain. 
Knowing what we do about the stability of the physical dimensions of races, 
it appears to be impossible to believe that this race was derived from the 
neolithic race. Its nearest affinities, as far as is known, are with some of 
the brachycephalic mongoloid races of Asia. 

Coming after this short hyper-brachycephalic race of the early Bronze Age 
we have a tall brachycephalic race of the later Bronze Age (the round barrow- 
men), which from its position on the chart may well be a blend of the two 
previous races. Then we have the Saxon type of the Iron Age, which closely 
resembles the modern Scandinavian type, as we should naturally expect 
from historical evidence. 

Thus we see that where historical and anthropometric evidence overlap 
they agree. This gives us some confidence in the anthropometric evidence, 
which may fairly claim that it contributes an important part of the light 
that relieves the long night before the dawn of history. 

Traces of these prehistoric races ought to be found in the living popula- 
tion of the British Isles, and, as far as measurements have been made, 
this is found to be the case. Comparatively few measurements of the 
living races have, however, been made, and this is one of the questions of 
the greatest scientific interest which would be solved by a National Anthro- 
pometric Survey. 

If the Corresponding Societies were to undertake such a survey they 
might be able to tell us whether the cephalic index of the population is 
higher than the average in the districts where the hyper-brachycephalic 
skeletons of the early Bronze Age have been found—for example, in Wales 
and on the east of Scotland from the Forth to the Orkneys. cSisy 

Again, we should look for a dolichocephalic type, tall and fair, in the 
regions which history tells us were conquered and colonised by the Anglo- 
Saxons. The extent to which these characteristic traits of the Teutonic or 
North European race have been modified will give a fair estimate of the 
amount of admixture with other races or of the influence of known changes 
of environment. ‘ et. 

These illustrations may give you some idea of the immense scientific 
interest of extensive measurements of the living population. 
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The private enterprise of a few anthropologists has resulted in a some- 
what superficial survey of some of the physical characters of our population. 
A map?of the distribution of stature in the British Isles has been 
prepared from data collected by the Anthropometric Committee of the 
British Association, but it should be noted that the map has been prepared 
from measurements of only 8,585 persons, a quite inadequate sample of 
a population of forty millions. 

Dr. Eeddoe has prepared maps of the hair- and eye-colours of the British 
Isles, which are undoubtedly of the greatest value, though the number of 
observations again are far from sufficient. 

The scientific enthusiasm and patriotism of the school teachers of 
Scotland has enabled them to carry out a pigmentation survey of the 
children in the primary schools of Scotland. But all the anthropometric 
work that has hitherto been done in the British Isles is quite inadequate 
to give a correct representation of the physical characters of our population. 

As an indication that a complete anthropometric survey will show that 
quite different racial types will be found inhabiting different parts of the 
country, I exhibit a cephalic chart of a number (not very large) of measure- 
ments I have made of persons drawn from all parts of the British Isles. 
The contrast, say, between Yorkshire and Cornwall and Devon is very 
marked. But much more numerous data would be required to establish 
these results. 

The utilitarian applications of national anthropometry are likely to be 
of immense value to the social reformer. The evolution of man is deter- 
mined by the actions and reactions that take place between man and 
his environment. The genetic environment by the process of natural 
selection determines the capacities of the stock; the trophic environment 
controls the growth and activities of the living bodies, and produces a 
more or less efficient population from a given stock. 

It is of immense importance to know which of these modes of action 
of the environment exerts the greatest influence on man for good or evil. 
On this depends whether social legislation should be directed in the first 
place to the improvement of the trophic factors, such as nutrition, housing, 


physical training, education, &c., or to the introduction of genetic measures | 


which would improve the stock by selection. 

The collection of exact data by the measurement of the physical and 
mental characters of the people and the factors of their environment is 
the only method by which the above-mentioned problem can be solved. 

By the calculus of correlation the degree of association between any 
given factor of a child’s environment and its physical and mental characters 
can be determined and compared with the influence of stock on the same 
characters. For example, it has been shown by Miss Elderton that the 
stcck of the parent has more influence on the physique of the child than 
the presence or absence of drinking habits. 

Only the scantiest data exist at the present time for the solution of 
these vital problems, and such few and statistically imperfect examples 
as have been worked out appear to show that our measures of social reform 
are more often than not misdirected. 

Apart from the changes in our environment that have been introduced 
by legislation within the last century, the vast social changes that have 
been introduced by the growth of industry require to be carefully studied 
and directed by periodic measurements of the population. A few of these 
changes may be realised from the charts in a recently published Blue Book 
(Cd. 4671). 

Within the last fifty years the population of England has doubled, 
and almost as great an increase has taken place in the population of Wales 


* See Report Brit. Assoc., 1883, p. 264. 
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and Scotland. The population of Ireland, on the contrary, has decreased 
by 33 per cent. Unless the mating, fertility, death-rate, and gains and 
losses by migration of the population have been very nicely adjusted a 
considerable change in the physique of the people may be expected from 
these great changes in the number and distribution of the population. 

Another great change that has taken place within the last fifty years 
is the great increase in the proportion of the urban population as compared 
with the rural population. Fifty years ago only one-half the population 
lived in towns; to-day 77 per cent. of the population do so. Now, this 
does not mean, as has often been supposed, that the country has been 
depopulated, for it will be seen by the diagram exhibited that the rural 
population is only four to five per cent. less than it was fifty years ago, 7.e., 
it has remained practically constant, while the whole increase of the popu- 
lation has accumulated in the towns. 

The conditions of life in town and in country are vastly different, and 
the relative rate of increase of different classes may be expected to be very 
different. Is this great change making for the improvement or the deteriora- 
tion of the people? That is a question which can only be settled by periodic 
national anthropometry. 

From the same Blue Book I exhibit a map showing the distribution of 
pauperism in England. Is this peculiar distribution due to race, or to 
the special conditions of the districts in which the people live ? 

The maximum pauperism appears to correspond very closely with the 
area occupied by the southern Saxons, the Jutes of Kent and the Angles of 
North England being free from the taint. This would suggest that 
pauperism was more affected by stock than by trophic environment, which 
cannot, as far as one can guess, be very different in these districts from 
that in the rest of England. If more exact observations were to prove that 
if was indeed associated with the Saxon race, then we should have to 
come to the conclusion that the race which, by its spirit of adventure and 
fine military qualities, once conquered England has now succumbed in the 
struggle for existence when the environment has been changed from the 
military to the industrial. 

This is another question that can only be settled by national 
anthropometry. 

National anthropometry will never be adequately carried out until it 
is established as a State institution. The Government have been asked to 
undertake this important work, which has been recommended as of primary 
importance by the Interdepartmental Committee on Physical Deterioration. 
They have taken one step in the right direction by directing the annual 
measurement of the weight and stature of the children in primary schools. 
But this is not enough to give a sufficient estimate of the physique of the 
nation. Japan, Denmark, and Germany have shown more alacrity than 
our own Government in adopting the suggestions of British scientists. 

No measurements of adults are made by the State, and this in the mean- 
time must be carried out, as far as possible, by private enterprise. 

The Corresponding Societies of the British Association appear to be 
specially fitted to take up, to some extent, the work neglected by the State. 

Each society might form an Anthropometric Committee, which would 
organise the work in its own district. 

Complete instructions for carrying out anthropometric work have been 
drawn up by the Anthropometric Committee of the British Association, and 
will be found in the Report published by the Royal Anthropological 
Institute at the price of one shilling. 

Local societies have done good work in the past by their observations on 


local botany, geology, zoology, &c. Why should they not perform equally 


good work in local anthropometry? This science is not more difficult to 


master than the other natural sciences in which they have already achieved 
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so much; it is equally if not more interesting, and the results obtained 

would be of the greatest utility in promoting the higher efficiency of the 

nation and maintaining our position in the front rank of the great nations. 
[A demonstration of methods of measurement was then given. ] 


In the subsequent discussion Mr. A. L. Lewis (Royal Anthropological 
Institute) remarked, in reference to Mr. Gray’s pauperism map, that the 
type of Poor Law Guardian in the respective localities might perhaps be 
usefully investigated as an assistance to the solution of the problem. The 
following members of the Conference also spoke :—Colonel Underwood, the 
Rev. R. Ashington Bullen, and Messrs. F. Balfour Browne, W. Whitaker, 
Mark L. Sykes, and W. P. D. Stebbing. 


Second Meeting, October 26. 


The meeting was presided over by Dr. A. C. Haddon (Chairman). 

Thanks were passed to Mr. Gray for attending, before the business of the 
day commenced, with his measuring instruments and demonstrating their 
use. 

The Chairman read a motion relating to the work of the British Asso- 
ciation and its corresponding societies, brought forward by Mr. H. D. Acland, 
but the subject, after discussion, was withdrawn. 


Professor R. Meldola introduced the discussion’ on the ‘Suggested 
Publication Fund’ circular of the Corresponding Societies Committee. This 
points out that— 


‘There is reason for believing that many, if not most, of the scientific 
societies in this country are suffering from want of sufficient means to 
enable them to publish the results of -original investigations which are 
presented by their fellows or members. The scientific activity of the 
country, as represented by the publications of these societies, is steadily 
increasing; but with this increased output of scientific work there has 
not been a corresponding increase in the finances of the societies concerned, 
and so in many cases their resources are strained to such an extent that 
their Councils are unable to publish much of the original work done, or, if 
they spend to the utmost extent of their resources upon their publications, 
their work in other directions is crippled. 

‘This state of affairs has recently been discussed by our Committee, and 
it is considered that the time is opportune for getting an expression of 
opinion from all our scientific societies, with a view to deciding, if thought 
desirable, upon some line of action. As assistance is required towards the 
cost of publishing, it has been suggested that the establishment of a 
Publication Fund of the same kind as the Government Grant for Scientific 
Investigations, now administered by the Royal Society, would be the best 
method of dealing with the difficulty. How such a fund could be obtained, 
and whether the assistance of the Government should be asked for, are 
questions which could be considered after the general principle of the 
necessity of obtaining some such means of promoting work, which is really 
of national importance, has been decided upon.’ 


The circular goes on to specify the form of the present direct State aid 
for the promotion of scientific research. It considers the necessity for a hody 
of evidence on the state of affairs and the means available by scientific 
societies for publication. Continuing, it suggests that the societies receiving 
the circular can show ‘ Whether it is desirable that any concerted action 
should be taken with a view to relieving scientific societies of a portion of 
the burden of publishing the results of original investigations’ and whether 
‘the increase of the Government grant by an amount to be earmarked for 
this particular purpose would be the most effective means of rendering such 
assistance.’ Ihe Committee point out that to carry weight in any action 
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that may be taken it is important that facts and figures should be cited by 
each Society in addition to its general views. 

The circular is signed by the President and General Officers of the Associa- 
tion and ten members of the Committee. 


Mr. John Hopkinson (Hertfordshire Natural History Society and Field 
Club) introduced the following subject :— 


Lhe Financial Position of owr Local Societies. 

A few days ago I examined the most recent balance-sheets of a dozen of 
our affiliated societies, taking only those which I knew to be doing good local 
work. A bare majority appeared to be in a sound financial position, but 
the rest were not so. ‘Two had transferred funds from their life-membership 
account to provide for their ordinary expenditure, one of these transferring 
£10 and leaving a balance of £5 due to the Treasurer. One had spent £10 
more than its income and had a balance of £10, so that with another similar 
year its funds would be exhausted. One had an adverse balance of £52, and 
the report stated that the work of its museum was much crippled for want of 
adequate funds ; its expenditure included interest on bank overdraft. The 
fifth showed a deficiency of £73. Thus five out of the twelve appeared to be 
in a critical position from want of funds. The figures given are approxi- 
mate only. 

I will now give a little information about the Society which I represent 
and its financial position. 

When, on removing from London to Watford in 1874, I suggested the 
formation of a Natural History Society and asked a geological friend to be 
Treasurer, he hesitated to consent because, he said, his office would be a 
sinecure, for there were not half-a-dozen scientific people in Watford. The 
Society was founded in January 1875, and numbered 150 in its first year, 
including five honorary and five life members. The membership extending 
over the county, the title of the Society was changed, in 1879, from the 
Watford to the Hertfordshire Natural History Society, and in its palmiest 
days numbered 288 members of all classes and possessed over £350, mostly 
invested. 

About that time a botanical member, A. R. Pryor, died and bequeathed 
to the Society his botanical library, herbarium, MSS., and £100 (reduced to 
£92 by legacy duty) for the upkeep of the library. His MSS. chiefly con- 
sisted of a Flora of Hertfordshire, which the Society published at a loss of 
£205 on the subscription list for it, and since its publication the sale has 
realised on the average scarcely one-half per cent. per annum of that loss. 

Owing to loss of members from lack of interest in East Herts, to deaths 
and the removal of members from the county, chiefly from Watford, and to 
the few new members who can be obtained, the income of the Society is now 
greatly reduced, only £100 is invested, being half the amount of the composi- 
tion fees of forty existing life-members, and there has lately more than once 
been an adverse balance at the end of the year. 

When the Society was founded scarcely anything was known of the natural 
history of Hertfordshire, using this term in its widest sense, except the 
geology, and to that the members have added much information in the 
Transactions. The meteorology of the county has been very thoroughly inves- 
tigated. For twenty years the monthly results of observations at four 
Climatological Stations have been published annually (for twelve of these 
years at five stations), and for the whole period of thirty-four years tables 
of the monthly rainfall at numerous stations, now numbering over fifty. 
Owing to the large amount of tabular matter these meteorological reports are 
expensive to print. The information they give has proved of great practical 
value in questions relating to water-supply. In addition to the publication 
of Mr, Pryor’s Flora, much botanical information has been given, chiefly 
relating to cryptogamic plants. In almost all departments of zoology much 
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good work has been done, and it may be said that practically all the know- 
ledge we possess of the zoology of the county is due to the existence of the 
Society. The prehistoric archzology and the topography of the county have 
also received much attention, the most complete list extant of the maps of 
any Enylish county being that of Hertfordshire published by the Society. 
It runs to 164 pages, has maps and other illustrations, and cost £62, the 
author providing the blocks for the illustrations and contributing towards 
the expense of printing the last of the four parts of which it consists. Of 
other important papers may be mentioned one of thirty-two pages on Hert- 
fordshire earthquakes and a list of Hertfordshire Diptera of twenty-eight 
pages. 

The Transactions have from the first been almost entirely devoted to the 
publication of the results of local scientific investigations. Fifteen volumes, 
comprising 4,900 pages with ninety-one plates and numerous text-figures, 
have been published at a cost of £1,700, and a new volume has been com- 
menced, but owing to want of funds we are a year behindhand, having only. 
just printed the papers read during the session 1907-8. 

The Society has accumulated, chietly by exchanges and the Pryor bequest, 
a valuable scientific library, but from want of funds for its proper accommo- 
dation it is stored in an almost inaccessible room lent gratuitously by the 
Watford Urban District Council, and the subscription to several scientific 
journals has had to be discontinued. 

The formation of a museum was commenced, and the collections formed 
the nucleus of the Hertfordshire County Museum at St. Albans, which the 
Society was almost solely instrumental in founding. The museum is free, 
and has, on the average, from 150 to 200 visitors per week. It has been made, 
by a member of the Society, a Climatological Station, and a Daily Weather 
Chart is shown at the gates and is much consulted. 

The Society presented a petition to the Hertfordshire County Council 
which resulted in an order being issued protecting our rarer and beneficial 
birds, the schedule being drawn up by its ornithological members. It 
organised two public meetings, which resulted in Bricket Wood Common 
being preserved as common land in its natural state ; and lately it assisted 
the Watford Field- -path Association, an offshoot of the Society founded by its 
members, in calling a public meeting which was greatly instrumental in fifty 
acres of Cassiobury Park, which had been sold for building-land, being 
secured as a public park for Watford, and entirely so in securing that this 
park is open to the remaining portion of Cassiobury Park instead of being 
surrounded by houses. 

Great economy is exercised in carrying on the Society. There is one paid 
assistant whose salary has recently been reduced from £5 to £3 per annum. 
Authors now have to pay the cost of providing illustrations for their papers, 
and instead of being presented with twenty-five reprints, twenty copies of 
the Transactions are cut up for their use. 

Although the membership has been much reduced during the last twenty, 
and especially during the last ten years, the number of its working naturalists 
and the interest taken by them in its proceedings has increased, and more 
and also better local work has lately been done by them. Much, however, 
remains to be accomplished, especially in the investigation of the lower and 
minuter forms of life, and the value of the annual reports by the various 
Recorders increases as they extend over a greater length of time. This is 
especially the case with meteorological and phenological observations, and 
it would be a matter of great regret if the tables of monthly rainfall could 
no longer be published, or even if there were a break in their continuity. It 
is towards the expense of such costly contributions as these, and of such 
important works as the late Mr. Pryor’s Flora of Hertfordshire and Sir 
George Fordham’s Catalogue of Hertfordshire Maps, that a contribution 
from an oatside source would be most welcome. 
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It may be asked, Why not economise by printing less? The answer is 
that nothing, except an occasional Presidential Address, is printed but the 
results of local investigation or what is helpful in such investigation and may 
encourage it ; and there is no other local medium for the publication of such 
matter ; and also that many of the members live at too great a distance from 
the places where meetings are held to attend them, and therefore can only be 
retained on our list by giving them something worth having in the Trans- 
actions in return for their subscriptions. 

A joint discussion then took place on the two subjects. 


Sir Alexander Pedler (British Science Guild), in reply to an invitation 
from the Chair, said he could only give the meeting information on the 
subject of the deputation of the British Science Guild, about eighteen 
months ago, to the Postmaster-General, with a view of obtaining a reduc- 
tion in the rate of postage on the publications of scientific and learned 
societies. In that connection about 110 important societies were 
approached, and almost all were strongly in favour of the proposal as 
giving much-needed relief, and they joined in the arrangements which 
culminated in the deputation. It was considered most anomalous, and 
indeed unfair, that while printed matter, consisting largely of advertise- 
ments, on which a profit was made, and which are absolutely of no 
permanent value, could, if only registered as a newspaper, be sent by 
newspaper-post, under which a weight of five pounds cost only a halfpenny ; 
on the other hand scientific publications, such as those issued by the Royal, 
Chemical, Physical, and other societies, which are of the utmost value to 
the progress of the nation, and which are produced at great cost and not 
for profit, could only be sent by post at a cost which is usually six 
or eight times as great as that of a newspaper, which is published in order 
to make a profit for an individual. However, the Postmaster-General 
could not see his way to grant the desired relief; but his reply was very 
sympathetic, and he showed himself to be distinctly in favour of some 
aid being given by Government to help scientific societies to carry on 
their valuable work. The British Science Guild did not, however, consider 
that this reply finally disposed of the postal question, and there was an 
intention to raise the subject at some future date, when circumstances are 
more favourable. 

Dr. Alexander Scott (Chemical Society), who submitted a detailed table 
of the expenditure of his society on publications from 1900 to 1908 inclusive, 
drew attention to the continually increasing cost of this branch of their 
work. A considerable sum in the balance-sheet was incurred through 
their custom of handing over to some of their younger fellows literature on 
chemical subjects, the matter of which was abstracted for publication and 
paid for at a low rate. 

The Chairman, Dr. A. C. Haddon (Royal Anthropological Institute), who 
spoke on certain aspects of the subject as it affected his society, was 
followed by 
Mr. A. L. Lewis, who added that the Royal Anthropological Institute 
publishes a very large and handsome Journal in half-yearly parts, at 15s. 
each, free to the fellows, whose subscription is two guineas per annum. It 
also publishes Man at one shilling monthly, but it is not able to supply this 
free to the fellows, for want of funds. The postage on these publica- 
tions is, of course, a large item. The Institute occasionally receives reports 
and papers for publication in its Journal from the Foreign and Colonial 
Offices, and is very glad to do so, because they are often extremely valuable ; 
but it would also be glad to receive—what at present it does not—a grant to 
pay for the printing of them. The financial position of the Institute is, 
however, better now than it was a few years ago. 

Mr. E. B. Knobel (Royal Astronomical Society) gave details of his 

£2 


340 REPORTS ON THE STATIS OF SCIENCE. 


society’s expenditure on their publications and the amount per cent. of 
their income. He deplored the present-day want of conciseness. With 
regard to the easing of the burden of postage, the deputation to the Post- 
master-General showed insuperable difficulties to be surmounted in dis- 
criminating between societies. His society was a rich one and in a different 
position from local societies, but he would like to have more statistics. 
He bore testimony to the loyalty of the amateurs of science and the valuable 
unpaid work that was done. 

Dr. Chalmers Mitchell (Zoological Society) pointed out that the adminis- 
tration of any Government fund for aiding scientific publication would involve 
a very severe scrutiny of the quality of papers read at the meetings of local 
societies. Many such papers would lose their local utility if they were 
reduced merely to the new matter they might contain, whilst the difficulties 
of local societies would be increased if it were known that the publication 
of memoirs could take place only after a rigid censorship. On the other 
hand he expressed his opinion that there was no difficulty in getting good 
new work published by the local societies, and that it was of great im- 
portance that the number of publications in which new contributions to 
science were published should be diminished rather than increased. In 
zoology alone there were already over 1,200 publications in which such new 
work might appear, and even the combined London libraries did not 
contain all of these. He opposed the establishment of the suggested fund. 

The Rev. 'T. R. R. Stebbing said he rather expected to be in the invidious 
position of a single dissentient. But the last two speeches encouraged him to 
hope that his own point of view has its fair share of supporters. Indirectly, 
indeed, it derived assistance from an unexpected quarter last Sunday morning 
in Westminster Abbey, when the Bishop of Colchester was pleading for the 
thousands of clergy with inadequate incomes. He mentioned many futile 
expedients suggested for increasing those incomes. One was that the clergy 
should write. The objection to that was, he said, that a great many of 
them cannot write—meaning, of course, that they cannot write anything of 
saleable, money-getting value. But further, he said, as a rule we don’t 
want them to write; we want only those to write who have a true gift for 
it. The very same rule applies to scientific writing. Again, yesterday 
morning our Chairman in his address alluded to some out of the way 
subject, something like pithecanthropogeography, and explained that when 
he was taking it up he immediately found that innumerable books had been 
written upon it. The fact is that however obscure, however minute the branch 
of science on which a student enters may be, he presently finds that it has 
been handled in a vast variety of widely distributed treatises which it is 
more or less difficult to get hold of. Dr. Chalmers Mitchell has just been 
insisting on this. Now the library of the Zoological Society is perhaps the 
best in the world for zoology, the most accessible, the most friendly; and 
yet the Secretary confesses to this difficulty, and however readily the library 
offers its resources workers in the North of England may not find it easy 
to use them. Why should we go about to increase the complexity of 
scientific literature? The present proposal, at least as originally explained 
to him, must have that effect. It is a proposal which he had strenuously 
opposed before it was made, at any rate before it received its present 
embodiment. When you send round to all the scientific societies in the 
kingdom, inviting them to uphold an appeal to Government for financial 
assistance, naturally in upholding such an appeal many of them will expect 
to share in the spoil. Probably there will not be such societies as the 
famous Royal Polytechnic of Cornwall, the premier, he believed, among 
local scientific institutions, but others of quite different quality, however 
meritorious in their way. Accordingly the grant runs the risk of being 
used, in part at least, for bolstering up ‘pauper’ scientific societies, help- 
ing lame dogs over stiles into fields where lame dogs are not wanted, 
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increasing tho output of a literature which is already overwlhiclming, and 
multiplying centres of publication when every effort is desirable for their 
greater concentration. 

Mr. J. A. Longden (Institution of Mining Engineers) said the 
matter appeared to him to be a question of pounds, shillings, and 
pence, and he knew their late Secretary had been very anxious that the 
Postmaster-General should put scientific postage on the same rate per pound 
as any other printed matter. The Institution he represented had 3,000 
members, and the contribution was two guineas per annum, and to 
meet deficiency the subscription had recently been raised. Any saving 
effected by this method would undoubtedly assist in the publication of good 
papers. As to the suggestion that a Government grant should be obtained, 
Professor Milne told him that a few years ago the Government granted 
1007. per annum towards the cost of his wonderful records in the Isle of 
Wight, and a Board of Trade official went to see him, and told him what 
the requirements of the Board of Trade would be in consideration of the 
grant named. The Professor said he begged to decline the grant, and 
thought he knew best how to carry on his work. The speaker thought this 
1007. per annum now went to Germany. The difficulty is that the Post- 
master-General will not be willing to reduce his receipts voluntarily, and 
on the other hand the Government will not make grants without attaching 
conditions. He suggested that the Postmaster-General be pressed in common 
fairness to accede to this request. 

Mr. Balfour Browne suggested that the spirit of Socialism was invading 
the scientific societies since it was proposed to ask for State aid for the pub- 
lication of their papers. He was entirely opposed to this step, and 
considered it unnecessary. The local societies publish a good many 
papers which are quite outside their scope; for instance, the Norfolk 
and Norwich Naturalists’ Society published a few years ago papers on the 
‘Butterflies of Switzerland,’ and there are numerous similar examples. 
These societies could save expenses on this sort of paper. So long as there 
is sufficient energy in a district to keep a society going that society will 
not go bankrupt, and it is most advisable that if the interest wanes the 
‘society should be allowed to die, and should not be kept alive by outside aid. 
A good paper can always find a publisher, and the cure for the present state 
of poverty of some of the societies is the cutting out of papers which have 
nothing to do with the work of the local society. 

Mr. Whitaker said that the discussion under the last speakers seemed to 
him to have largely gone off the point. The Committee, in their proposal, 
had certainly no idea of subsidising presidential addresses. What was 
wanted was help for only important papers, and although the Government 
grant to the Royal Society was available to outside societies it was so small 
that it had to be largely used for publishing the research-papers of the Royal 
Society itself. 

Mr. H. D. Acland (Royal Institution of Cornwall) thought that 
it appeared to have been forgotten that there are two classes of 
scientific societies, large central and small local ones. Small local 
ones should be self-supporting. Papers worthy of publication could 
he read before large societies, if accepted by them. Societies should be very 
chary of accepting grants from the State, as it would involve State control. 
Papers worth publishing by State aid should be State Papers. 

Mr. William Watts (Geological and Mining Institution of Man- 
chester) said the publication fund under discussion had been considered by 
his Council, who saw difficulties in obtaining a grant from the Government in 
carrying on the work of the society, but would be glad if some concessions 
could be made to them in reducing the cost of transmitting the society’s pro- 
ceedings through the Post Office. His society was not directly in want of 
funds, as the members’ subscriptions maintained them, but an easement in 
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the cost of postage would enable the proceedings of the society to become more 
widely known. 

Mr. J. Howard Reed (Manchester Geographical Society) said that he 
was not in favour of a fund for publishing original work, but was for some 
arrangement that would ease scientific societies of the burden of postage. 

Colonel Underwood (Ipswich and District Field Club) said: Several dele- 
gates have deprecated any grant being asked for from the Government, but 
these gentlemen represent rich societies with comparatively large incomes and 
a high entrance fee. The society I represent has a low entrance fee (2s. 6d.), 
but { venture to think we are doing a good work, and we are publishing a 
journal entirely composed of original research. In accordance with the 
views of our Chairman, which he has set forth in his excellent address on 
‘‘ Regional Surveys,’? we have grouped our field club into sections, each 
under a leader, which are carrying on original research in several sub- 
jects, notably in marine biology at Felixstowe by means of sea-dredging 
and microscopic investigation. It seems to me that the difficulty which 
some of the speakers pointed out of the danger cf encouraging by Govern- 
ment assistance the publication of journals of no use to science might be 
avoided by allocating the grant to some society, such as the British Associa- 
tion, who could appoint a committee to decide from a perusal of the 
journals which societies were worthy of participating in the grant. If. 
science in this country is to be decentralised and made more generally 
popular, it can only be done by judiciously assisting those societies which are 
full of zeal and doing a good educational work, but are in want of the 
necessary funds to extend their operations. Our members are largely 
composed of school-teachers whose means are small, but who, as the leaders of 
the young, should be encouraged in every way. 

Mr. A. B. Harding (Catford and District N. H. Society), speaking as 
the representative of a small local association, said that they had a 
membership of seventy-five, each paying an annual subscription of 3s. ; 
new members also paying an entrance fee of 1s. Unlike many 
societies represented here to-day they had no adverse balance, never 
having been in a position to open a banking account. So far from 
being able to publish papers read, we can only afford to issue notices 
of forthcoming meetings. Yet much of the work done by members is 
original and of high value, e.g., memoirs of long-continued observations 
on British alien plants, the effect of controlled diet on Lepidoptera, and 
many geological and archeological points of importance, the publication of 
which could hardly fail to prove helpful to science. Personally they seek no 
recompense ; all they suggest is that papers of special merit, selected by 
the Committee, should be submitted to the Council of the British- Associa- 
tion, and whenever their judgment is in favour of publication a grant 
towards this object should be made out of any funds obtained for such a 
purpose from the Treasury. 

Dr. G. B. Longstaff (Entomological Society of London) said that 
the society which he represented occupied itself not only with 
the necessary systematic work, but had of late years been greatly 
concerned with bionomic problems. For the solution of the latter it was 
essential that naturalists should publish their observations, and not take 
their knowledge with them to the grave. In the study of the working of 
natural selection it was of great importance to have numerous exact and 
repeated observations of, e.g., the attacks of birds on butterflies. Mr. 
G. A. K. Marshall had got together a mass of evidence, but much more 
was required. Sportsmen (in many cases half naturalists) might collect 
such information, so might gardeners. Tropical collectors had several times 
of late complained that they did not know what observations were required. 
They did not know what to look for, and if interesting facts came to their 
notice often failed to record them. He proposed the following resolution : 
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‘That this meeting hopes that the British Science Guild will persist in its 
efforts to induce the Post Office to give scientific societies the same postal 
facilities as the publishers of newspapers and traders in general.’ This was 
seconded by the Rev. T. R. R. Stebbing. 

The discussion was continued by Mr. Mark L. Sykes (Manchester 
Microscopical Society), who put forward a proposal that was not seconded ; 
the Rev. J. O. Bevan, who approved of the principle of Dr. Longstaff’s 
motion; Mr. W. A. Nicholson (Norfolk and Norwich Naturalists’ Society), 
who as a member of a body numbering 270 members,: with small funds, 
was in favour of the Publication Fund; and Professor R. Meldola, who 
said that he would be pleased to co-operate at some future date in Dr. 
Longstaff’s proposal, but that the present time was hardly suitable to re- 
introduce the subject. 

Sir Alexander Pedler said that a reconsideration of this matter by the 
British Science Guild was at present in abeyance. Dr. Longstaff’s proposal 
was then passed by the meeting on the understanding that it would be con- 
sidered by the Corresponding Societies Committee. 


The Rev. J. O. Bevan submitted the following proposal to the delegates : 
‘That this Conference expresses its opinion that the Government be asked to 
enlarge the grant already allocated to the Royal Society.’ Professor R. 
Meldola criticised the proposal, as it presupposed the willingness of the Royal 
Society to administer such an enlarged grant. Mr. R. A. Bellamy (Ash- 
molean N. H. Society of Oxfordshire) having spoken in favour of the 
Publication Fund, Professor Meldola moved the following amendment: 
‘That, in view of the opinions elicited during this Conference, the question 
of the advisability of taking further action be referred for consideration 
by the Corresponding Societies Committee.’ This was seconded by Mr. 
Whitaker, and carried. 


The meeting then adjourned, after passing a hearty vote of thanks to 
the Chairman for presiding. 
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CORRESPONDING SOCIBTIES. 3549 


Catalogue of the more important Papers, especially those re- 
ferring to Local Scientific Investigations, published by the 
Corresponding Societies during the year ending May 31, 1909. 


*,* This Catalogue contains only the titles of papers published in the volumes 
or parts of the publications of the Corresponding Societies sent to the 
Secretary of the Committee in accordance with Rule 2. 


Section A.—MATHEMATICAL AND Purysican ScIENcE. 


ALBRECHT, Srpasttan. The Lick Observatory-Crocker Expedition to Flint 
Island. ‘Journal Royal Astr. Soc. of Canada,’ 11. 115-131. 1908. 
ASHMOLEAN Natura History Socrery. Meteorological Report. ‘ Report 

Ashmolean N. H. Soc.’ 1908, 45-50. 1909. 

AsHwortH, Dr. J. R. An Analysis of the Meteorological Elements of 
Rochdale. ‘Trans. Rochdale Lit. and Phil. Soc.’ rx. 43-63. 1908. 

Barr, J. Mitrer. <A Remarkable Class of Spectroscopic Binaries. 
‘Journal Royal Astr. Soc. of Canada,’ 111. 50-53. 1909. 

Biapen, W. We ts. Meteorological Report. ‘Trans. N. Staffs F. C.’ 
XLII. 90-93. 1908. 

EBriguton and Hove Narurat History anp Puriosopnican Society. 
Meteorology of Brighton. ‘ Report Brighton and Hove N. H. Phil. Soc.’ 
1907-8, 64-65. 1908. 

Buiman, H. F. Meteorological Report. ‘ Trans. Vale of Derwent Nat. 
Field Club,’ 1. 58-71. 1908. 

CampseLt-Bayarp, F. Report of the Meteorological Committee, 1907. 
‘Trans. Croydon N. H. Sci. Soc. 1907-1908,’ 185-193, and Appendices, 
63 pp. 1908. 

Cakapoc AND SEVERN VaLtey I'retp Crus. Meteorological Notes. ‘ Record 
of Bare Facts.’ No. 18, 28-41. 1909. 

Crariver, J. T. W. Sir William Herschel and his Astronomical Work. 
‘ Journal Royal Astr. Soc. of Canada,’ 111. 31-40. 1909. 

Crark, G. Nebule and Nebular Hypotheses. ‘Trans. Edinburgh Ficld 
Nat. and Mic. Soc.’ vr. 67-81. 1908. 

Corteman, Prof. A. P. Ancient Ice Ages and their Bearing on Astronomical 
Theories. ‘ Journal Royal Astr. Soc. of Canada,’ 11. 132-135. 1908. 
Cotss-Fincu, W. A. A Phenomenal Snowstorm, April 24, 1908. ‘ Rochester 

Naturalist,’ tv. 10-13. 1908. 

The Hail and Thunderstorm of June 4, 1908. ‘ Rochester Naturalist,’ 
Iv. 25-27. 1908. 

—— Brilliant Twilight Effects, June 30 and July 1, 1908. ‘ Rochester 
Naturalist,’ tv. 60-62. 1909. 

Contig, Rev. A. L. The Sun’s Corona. ‘Trans. Rochdale Lit. and Sci. 
Soc.’ rx. 37-42. 1908. 

Craw, J. H. Account of Rainfall in Berwickshire—Year 1906. ‘ History 
Berwickshire Nat. Club,’ xx. 114. 1908. 

-—-— Account of Temperature at West Foulden—Year 1906. ‘ History 
Berwickshire Nat. Club,’ xx. 115. 1908. 

Cresswett, Atrrep. Records of Meteorological Observations taken at the 
Observatory, Edgbaston, 1908. ‘ Biri. and Mid. Inst. Sci. Soc.’ 26 pp. 
1909. 

Davis, Henry. The Application of the Hygrometer in Coal Mines. 
‘Trans. Inst. Min. Eng.’ xxxv. 285-290. 1908. 

Drntson, F. Naprer. Take Undulations. ‘ Journal Royal Astr. Soc. of 
Canada,’ rr. 251-254. 1908. 
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Dentson, F. Napier. The Effect of Atmospheric Pressure upon the Earth’s 
Surface. ‘Journal Royal Astr. Soc. of Canada,’ 11. 293-298. 1909. 
Evins, AnpREwW. High Water in Lake Ontario. ‘ Journal Royal Astr. 

Soc. of Canada,’ 11. 209-210. 1908. 

Esprin, T. E. Notes on Double Stars. ‘ Journal Royal Astr. Soc. of 
Canada,’ 11. 248-250. 1908. 

—— List of Stars marked Double by Argelander, and not recorded by 
previous Observers. ‘ Journal Royal Astr. Soc. of Canada,’ 11. 279-281. 
1909. 

— — Volcanic Phenomena considered in relation to Parallels of Latitude 
and Meridians of Longitude. ‘ Journal Royal Astr. Soc. of Canada,’ 
irr. 107-113. 1909. 

Evans, Epcar J. Note on the Severn Bore. ‘Trans. Cardiff Nat. Soc.’ 
xii. 50. 1909. 

Evans, J., and G. L. V. Baxer. Meteorological Observations at Oundle 
School. ‘ Journal Northants N. H. Soc.’ xtv. 336. 1909. 

GitcuRist, L. Spectra of Water-Vapour in the Earth’s Atmosphere. 
‘ Journal Royal Astr. Soc. of Canada,’ rrr. 45-49. 1909. 

GILLIGAN, ALBERT. Some Effects of the Storm of June 3, 1908, on Barden 
Fell. ‘ Proc. Yorkshire Geol. Soc.’ xv1. 383-390. 1909. 

Gray, JaAMzEs G., and Atpxanprer D. Ross. The Construction of Perma- 
nent Magnets from Specimens of nearly Pure Copper. ‘ Proc. Glasgow 
R. Phil. Soc.’ xxxrx. 92-96. 1908. 

Hatt, Henry (Manchester Geol. Min. Soc.). Ignition Points of Wood and 
Coal. ‘Trans. Inst. Min. Eng.’ xxxvr. 2-5. 1908. 

Harrer, W. E. The Orbit of 6 Aquile. ‘ Journal Royal Astr. Soc. of 
Canada,’ 111. 87-101. 1909. 

Herywoop, H. Meteorological Observations in the Society’s District, 1906. 
‘Trans. Cardiff Nat. Soc.’ xz. 1-17. 1908. 

—— Meteorological Observations in the Society’s District, 1907. ‘Trans. 
Cardiff Nat. Soc.’ xur. 1-18. 1909. 

Intinewortn, 8. R. The Light Night of June 30, 1908. ‘ Bradford Scien- 
tific Journal,’ rr. 183-185. 1908. 

ImpopEen, Water. A Simple Drawing and Projection Apparatus for 
Microscopical Low-power Objectives. ‘Journal Quekett Mic. Club,’ 
x. 353-356. 1909. 

Jack, Rospert, and ALexanDER D. Ross. MHeusler’s Magnetic Alloy. 
‘Proc. Glasgow R. Phil. Soc.’ xxxrx. 41-46. 1908. 

JENNINGS, SamMugL. Solar Kclipses and Ancient History ‘ Journal Royal 
Astr. Soc. of Canada,’ rr. 167-184. 1908. 

—— The Eclipses of Larissa and Thales. ‘ Journal Royal Astr. Soc. of 
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TRANSACTIONS OF THE SECTIONS. 


Srction-A.—MATHEMATICAL AND PHYSICAL SCIENCE. 


PRESIDENT OF THE Section.—Professor E. RutHerrorp, M.A., 
D.Sc., E.B.S. 


THURSDAY, AUGUST 26. 
The President delivered the following Address :— 


It is a great privilege and pleasure to address the members of this Section 
on the occasion of the visit of the British Association to a country with 
which I have had such a long and pleasant connection. I feel myself in 
the presence of old friends, for the greater part of what may be called my 
scientific life has been spent in Canada, and I owe much to this country 
for the unusual facilities and opportunity for research so liberally pro- 
vided by one of her great Universities. Canada may well regard with 
pride her Universities, which have made such liberal provision for teaching 
and research in pure and applied science. As a physicist, I may be 
allowed to refer in particular to the subject with which I am most inti- 
mately connected. After seeing the splendid home for physical science 
recently erected by the University of Toronto, and the older but no less 
serviceable and admirably equipped laboratories of McGill University, one 
cannot but feel that Canada has recognised in a striking manner the 
great value attaching to teaching and research in physical science. In 
this, as in other branches of knowledge, Canada has made notable con- 
tributions in the past, and we may confidently anticipate that this is but 
an earnest of what will be accomplished in the future. 

It is my intention to-day to say a few words upon the present position 
of the atomic theory in physical science, and to discuss briefly the various 
methods that have been devised to determine the values of certain funda- 
mental atomic magnitudes. The present time seems very opportune for 
this purpose, for the rapid advance of physics during the last decade has 
not only given us a much clearer conception of the relation between elec- 
tricity and matter and of the constitution of the atom, but has provided 
us with experimental methods of attack undreamt of a few years ago. At 
a time when, in the vision of the physicist, the atmosphere is dim with 
flying fragments of atoms, it may not be out of place to see how it has fared 
with the atoms themselves, and to look carefully at the atomic foundations 
on which the great superstructure of modern science has been raised. 
Every physicist and chemist cannot but be aware of the great part the 
atomic hypothesis plays in science to-day. The idea that matter consists 
of a great number of small discrete particles forms practically the basis 
of the explanation of all properties of matter. As an indication of the 
importance of this theory in the advance of science it is of interest to read 
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over the Reports of this Association and to note how many addresses, either 
wholly or in part, have been devoted to a consideration of this subject. 
Amongst numerous examples I may instance the famous and oft-quoted 
lecture of Maxwell on Molecules, at Bradford in 1873; the discussion of 
the Kinetic Theory of Gases by Lord Kelvin, then Sir William Thomson, 
in Montreal in 1884; and the Presidential Address of Sir Arthur Ricker 
in 1901, which will be recalled by many here to-day. 

It is far from my intention to discuss, except with extreme brevity, the 
gradual rise and development of the atomic theory. From the point of 
view of modern science, the atomic theory dates from the work of Dalton 
about 1805, who put it forward as an explanation of the combination of 
elements in definite proportions. The simplicity of this explanation of 
the facts of chemistry led to the rapid adoption of the atomic theory as a 
very convenient and valuable working hypothesis. By the labour of the 
chemists matter was shown to be composed of a number of elementary 
substances which could not be further decomposed by laboratory agencies, 
and the relative weights of the atoms of the elements were determined. 
On the physical side, the mathematical development of the kinetic or 
dynamical theory of gases by the labours of Clausius and Clerk Maxwell 
enormously extended the utility of this conception. It was shown that the 
properties of gases could be satisfactorily explained on the assumption that 
a gas consisted of a great assemblage of minute particles or molecules in 
continuous agitation, colliding with each other and with the walls of the 
containing vessel. Between encounters the molecules travelled in straight 
lines, and the free path of the molecules between collisions was supposed to 
be large compared with the linear dimensions of the molecules themselves. 
One cannot but regard with admiration the remarkable success of this 
statistical theory in explaining the general properties of gases and even 
predicting unexpected relations. The strength and at the same time the 
limitations of the theory lie in the fact that it does not involve any definite 
conception of the nature of the molecules themselves or of the forces acting 
between them. The molecule, for example, may be considered as a perfectly 
elastic sphere or a Boscovitch centre of force, as Lord Kelvin preferred to 
regard it, and yet on suitable assumptions the gas would show the same 
general statistical properties. We are consequently unable, without the 
aid of special subsidiary hypotheses, to draw conclusions of value in regard 
to the nature of the molecules themselves. 

Towards the close of the last century the ideas of the atomic theory had 
impregnated a very large part of the domain of physics and chemistry. 
The conception of atoms became more and more concrete. The atom in 
imagination was endowed with size and shape, and unconsciously in many 
cases with colour. The simplicity and utility of atomic conceptions in 
explaining the most diverse phenomena of physics and chemistry naturally 
tended to enhance the importance of the theory in the eyes of the scientific 
worker. There was a tendency to regard the atomic theory as one of the 
established facts of nature, and not as a useful working hypothesis for 
which it was exceedingly difficult to obtain direct and convincing evidence. 
There were not wanting scientific men and philosophers to point out the 
uncertain foundations of the theory on which so much depended. Granting 
how useful molecular ideas were for the explanation of experimental facts, 
what evidence was there that the atoms were realities and not the figments 
of the imagination? It must be confessed that this lack of direct evidence 
did*not in any way detract from the strength of the belief of the great 
majority of scientific men in the discreteness of matter. It was not 
unnatural, however, that there should be a reaction in some quarters against 
the domination of the atomic theory in physics and in chemistry. A school 
of thought arose that wished to do away with the atomic theory as the 
basis of explanation of chemistry, and substitute as its equivalent the law 
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of combination in definite proportions. This movement was assisted by the 
possibility of explaining many chemical facts on the basis of thermo- 
dynamics without the aid of any hypothesis as to the particular structure 
of matter. Everyone recognises the great importance of such general 
methods of explanation, but the trouble is that few can think, or at any 
rate think correctly, in terms of thermo-dynamics. The negation of the 
atomic theory has not, and does not, help us to make new discoveries. The 
great advantage of the atomic theory is that it provides, so to speak, a 
tangible and concrete idea of matter which serves at once for the explanation 
of a multitude of facts and is of enormous aid as a working hypothesis. For 
the great majority of scientists it is not sufficient to group together a number 
of facts on general abstract principles. What is wanted is a concrete idea, 
however crude it may be, of the mechanism of the phenomena. This may 
be a weakness of the scientific mind, but it is one that deserves our sympa- 
thetic consideration. It represents an attitude of mind that appeals, I 
think, very strongly to the Anglo-Saxon temperament. It has no doubt 
as its basis the underlying idea that- the facts of nature are ultimately 
explicable on general dynamical principles, and that there must conse- 
quently be some type of mechanism capable of accounting for the observed 
facts. 

It has been generally considered that a decisive proof of the atomic 
structure of matter was in the nature of things impossible, and that the 
atomic theory must of necessity remain an hypothesis unverifiable by 
direct methods. Recent investigations have, however, disclosed such new 
and powerful methods of attack that we may well ask the question whether 
we do not now possess more decisive evidence of its truth. 

Since molecules are invisible, it might appear, for example, an 
impossible hope that an experiment could be devised to show that the mole- 
cules of a fluid are in that state of continuous agitation which the kinetic 
theory leads us to suppose. In this connection I should like to draw your 
attention for a short time to a most striking phenomenon known as the 
‘ Brownian movement,’ which has been closely studied in recent years. 
Quite apart from its probable explanation the phenomenon is of unusual 
interest. In 1827 the English botanist Brown observed by means of a 
microscope that minute particles like spores of plants introduced into a 
fluid were always in a state of continuous irregular agitation, dancing to 
and fro in all directions at considerable speeds. For a long time this effect, 
known as the Brownian movement, was ascribed to inequalities in the 
temperature of the solution. This was disproved by a number of subse- 
quent investigations, and especially by those of Gouy, who showed that the 
movement was spontaneous and continuous and was exhibited by very small 
particles of whatever kind when immersed in a fluid medium. The velocity 
of agitation increased with decrease of diameter of the particles and 
increased with temperature, and was dependent on the viscosity of the 
surrounding fluid. With the advent of the ultra-microscope it has been 
possible to follow the movements with more certainty and to experiment 
with much smaller particles. Exner and Zsigmondy have determined the 
mean velocity of particles of known diameter in various solutions, while 
Svedherg has devised an ingenious method of determining the mean free 
path and the average velocity of particles of different diameter. The 
experiments of Ehrenhaft in 1907 showed that the Brownian movement 
was not confined to liquids, but was exhibited far more markedly by small 
particles suspended in gases. By passing an arc discharge between silver 
poles he produced a fine dust of silver in the air. When examined by 
means of the ultra-microscope the suspended particles exhibited the charac- 
teristic Brownian movement, with the difference that the mean free path 
for particles of the same size was much greater in gases than in liquids. 

The particles exhibit in general the character of the motion which the 
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kinetic theory ascribes to the molecules themselves, although even the 
smallest particles examined have a mass which is undoubtedly very large 
compared with that of the molecule. The character of the Brownian 
movement irresistibly impresses the observer with the idea that the par- 
ticles are hurled hither and thither by the action of forces resident in the 
solution, and that these can only arise from the continuous and ceaseless 
movement of the invisible molecules of which the fluid is composed. 
Smoluchowski and Einstein have suggested explanations which are based on 
the kinetic theory, and there is a fair agreement between calculation 
and experiment. Strong additional confirmation of this view has 
been supplied by the very recent experiments of Perrin (1909). He 
obtained an emulsion of gamboge in water which consisted of a great 
number of spherical particles nearly of the same size, which showed the 
characteristic Brownian movement. The particles settled under gravity 
and when equilibrium was set up the distribution of these particles in 
layers at different heights was determined by counting the particles with a 
microscope. The number was found to diminish from the bottom of the 
vessel upwards according to an exponential law—i.e., according to the same 
law as the pressure of the atmosphere diminishes from the surface of the 
earth. In this case, however, on account of the great mass of the particles, 
their distribution was confined to a region only a fraction of a millimetre 
deep. In a particular experiment the number of particles per unit volume 
decreased to half in a distance of 0°038 millimetre, while the corresponding 
distance in our atmosphere is about 6000 metres. From measurements of 
the diameter and weight of each particle, Perrin found that, within the 
limit of experimental error, the law of distribution with height indicated 
that each small particle had the same average kinetic energy of movement 
as the molecules of the solutions in which they were suspended ; in fact, the 
particles in suspension behaved in all respects like molecules of very high 
molecular weight. This is a very important result, for it indicates that 
the law of equipartition of energy among molecules of different masses, 
which is an important deduction from the kinetic theory, holds, at any 
rate very approximately, for a distribution of particles in a medium whose 
masses and dimensions are exceedingly large compared with that of the 
molecules of the medium. Whatever may prove to be the exact explana- 
tion of this phenomenon, there can be little doubt that it results from 
the movement of the molecules of the solution and is thus a striking if 
somewhat indirect proof of the general correctness of the kinetic theory of 
matter. 

From recent work in radioactivity we may take a second illustration 
which is novel and far more direct. It is well known that the a rays of 
radium are deflected by both magnetic and electric fields. It may be 
concluded from this evidence that the radiation is corpuscular in character, 
consisting of a stream of positively charged particles projected from the 
radium at a very high velocity. From the measuréments of the deflection 
of the rays in passing through magnetic and electric fields the ratio e/m 
of the charge carried by the particle to its mass has been determined, and 
the magnitude of this quantity indicates that the particle is of atomic 
dimensions. 

Rutherford and Geiger have recently developed a direct method of 
showing that this radiation is, as the other evidence indicated, discon- 
tinuous, and that it is possible to detect by a special electric method the 
passage of a single a particle into a suitable detecting vessel. The entrance 
of an qa particle through a small opening was marked by a sudden move- 
ment of the needle of the electrometer which was used as a measuring 
instrument. In this way, by counting the number of separate impulses 
communicated to the electrometer needle, it was possible to determine by 
direct counting the number of a particles expelled per second from one gram 


PRESIDENTIAL ADDRESS. old 


of radium. But we can go further and confirm the result by counting the 
number of a particles by an entirely distinct method. Sir William Crookes 
has shown that when the a rays are allowed to fall upon a screen of phos- 
phorescent zinc sulphide, a number of brilliant scintillations are observed. 
It appears as if the impact of each a particle produced a visible flash of 
light where it struck the screen. Using suitable screens the number of 
scintillations per second on a given area can be counted by means of a 
microscope. It has been shown that the number of scintillations deter- 
mined in this way is equal to the number of impinging a particles when 
counted by the electric method. This shows that the impact of each a par- 
ticle on the zinc sulphide produces a visible scintillation. There are thus 
two distinct methods—one electrical, the other optical—for detecting the 
emission of a single a particle from radium. The next question to con- 
sider is the nature of the a particle itself. The general evidence indicates 
that the a particle is a charged atom of helium, and this conclusion was 
decisively verified by Rutherford and Royds by showing that helium 
appeared in an exhausted space into which the a particles were fired. 
The helium, which is produced by radium, is due to the accumulated 
a particles which are so continuously expelled from it. If the rate of 
production of helium from radium is measured, we thus have a means of 
determining directly how many a particles are required to form a given 
volume of helium gas. This rate of production has recently been measured 
accurately by Sir James Dewar. He has informed me that his final 
measurements show that one gram of radium in radioactive equilibrium 
produces 0°46 cubic millimetres of helium per.day, or 5°32X10 ~® cubic 
millimetres per second. Now from the direct counting experiments it is 
known that 13°6x10” a particles are shot out per second from one gram 
of radium in equilibrium. Consequently it requires 2°56X10" a particles 
to form one cubic centimetre of helium gas at standard pressure and 
temperature. 

From other lines of evidence it is known that all the a particles from 
whatever source are identical in mass and constitution. It is not then 
unreasonable to suppose that the a particle, which exists as a separate 
entity in its flight, can exist also as a separate entity when the a particles 
are collected together to form a measurable volume of helium gas, or, in 
other words, that the a particle on losing its charge becomes the fundamental 
unit or atom of helium. In the case of a monatomic gas like helium, where 
the atom and molecule are believed to be identical, no difficulty of deduction 
arises from the possible combination of two or more atoms to form a complex 
molecule. 

We consequently conclude from these experiments that one cubic centi- 
metre of helium at standard pressure and temperature contains 2°56X10" 
atoms. Knowing the density of helium, it at once follows that each atom 
of helium has a mass of 6°8X10-*4 grams, and that the average distance 
apart of the molecules in the gaseous state at standard pressure and 
temperatures is 3°4X10 7 centimetres. 

The above result can be confirmed in a different way. It is known that 
the value of e/m for the a particle is 5,070 electromagnetic units. The 
positive charge carried by each a particle has been deduced by measuring 
the total charge carried by a counted number of a particles. Its value is 
9°3X10-” electrostatic units, or 3°1X10—% electromagnetic units. Sub- 
stituting this number in the value of e/m, it is seen that m, the mass of the 
a particle, is equal to 6°1X10-*4 grams—a value in fair agreement with the 
number previously given. 

I trust that my judgment is not prejudiced by the fact that I have taken 
some share in these investigations; but the experiments, taken as a whole, 
appear to me to give an almost direct and convincing proof of the atomic 
hypothesis of matter. By direct counting, the number of identical entities 
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required to form a known volume of gas has been measured. May we not 
conclude that the gas is discrete in structure, and that this number repre 
sents the actual number of atoms in the gas? 

We have seen that under special conditions it is possible to detect easily 
by an electrical method the emission of a single a particle—i.e., of a single 
charged atom of matter. This has been rendered possible by the great 
velocity and energy of the expelled a particle, which confers on it the power 
of dissociating or ionising the gas through which it passes. It is obviously 
only possible to detect the presence of a single atom of matter when it is 
endowed with some special property or properties which distinguishes it from 
the molecules of the gas with which it is surrounded. There is a very 
important and striking method, for example, of visibly differentiating 
between the ordinary molecules of a gas and the ions produced in the gas 
by various agencies. C.T.R. Wilson showed in 1897 that under certain 
conditions each charged ion became a centre of condensation of water 
vapour, so that the presence of each ion was rendered visible to the eye. 
Sir Joseph Thomson, H. A. Wilson, and others have employed this method 
to count the number of ions present and to determine the magnitude of 
the electric charge carried by each. 

A few examples will now be given which illustrate the older methods of 
estimating the mass and dimensions of molecules. As soon as the idea of 
the discrete structure of matter had taken firm hold, it was natural that 
attempts should be made to estimate the degree of coarse-grainedness of 
matter, and to form an idea of the dimension of molecules, assuming that 
’ they have extension in space. Lord Rayleigh has drawn attention to the 
fact that the earliest estimate of this kind was made by Thomas Young in 
1805, from considerations of the theory of capillarity. Space does not 
allow me to consider the great variety of methods that have later been 
employed to form an idea of the thickness of a film of matter in which a 
molecular structure is discernible. This phase of the subject was always 
a favourite one with Lord Kelvin, who developed a number of important 
methods of estimating the probable dimensions of molecular structure. 

The development of the kinetic theory of gases on a mathematical basis 
at once suggested methods of estimating the number of molecules in a cubic 
centimetre of any gas at normal pressure and temperature. This number, 
which will throughout be denoted by the symbol N, is a fundamental con- 
stant of gases; for, according to the hypothesis of Avogadro, and also on 
the kinetic theory, all gases at normal pressure and temperature have an 
identical number of molecules in unit volume. Knowing the value of N, 
approximate estimates can be made of the diameter of the molecule; but 
in our ignorance of the constitution of the molecule, the meaning of the 
term diameter is somewhat indefinite. It is usually considered to refer 
to the diameter of the sphere of action of the forces surrounding the 
molecule. This diameter is not necessarily the same for the molecules of all 
gases, so that it is preferable to consider the magnitude of the fundamental 
constant N. The earliest estimates based on the kinetic theory were made 
by Loschmidt, Johnstone Stoney, and Maxwell. From the data then at 
his disposal, the latter found N to be 1°9 X 10". Meyer, in his ‘ Kinetic 
Theory of Gases,’ discusses the various methods of estimating the dimen- 
sions of molecules on the theory, and concludes that the most probable 
estimate of N is 61 x 10’. Estimates of N based on the kinetic theory 
are only approximate, and in many cases serve merely to fix an inferior 
or superior limit to the number of the molecules. Such estimates are, how- 
ever, of considerable interest and historical importance, since for a long time 
they served as the most reliable methods of forming an idea of molecular 
magnitudes. 

A very interesting and impressive method of determining the value of 
N was given by Lord Rayleigh in 1899 as a deduction from his theory 
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of the blue colour in the cloudless sky. his theory supposes that the 
molecules of the air scatter the waves of light incident upon them. This 
scattering for particles, small compared with the wave length of light, is 
proportional to the fourth power of the wave length, so that the proportion of 
scattered to incident light is much greater for the violet than for the red 
end of the spectrum, and consequently the sky which is viewed by the 
scattered light is of a deep blue colour. This scattering of the light in 
passing through the atmosphere causes alterations of brightness of stars 
when viewed at different altitudes, and determinations of this loss of 
brightness have been made experimentally. Knowing this value, the 
number N of molecules in unit volume can be deduced by aid of the theory. 
From the data thus available, Lord Rayleigh concluded that the value of N 
was not less than 7X10'*. Lord Kelvin in 1902 recalculated the value 
of N on the theory by using more recent and more accurate data, and found 
it to be 2°47x10*°. Since in the simple theory no account is taken of 
the additional scattering due to fine suspended particles which are un- 
doubtedly present in the atmosphere, this method only serves to fix an inferior 
limit to the value of N. It is difficult to estimate with accuracy the correc- 
tion to be applied for this effect, but it will be seen that the uncorrected 
number deduced by Lord Kelvin is not much smaller than the most probable 
value 2°77X10!° given later. Assuming the correctness of the theory 
and data employed, this would indicate that the scattering due to suspended 
particles in the atmosphere is only a small portion of the total scattering 
due to molecules of air. This is an interesting example of how an accurate 
knowledge of the value of N may possibly assist in forming an estimate 
of unknown magnitudes. 

It is now necessary to consider some of the more recent and direct 
methods of estimating N which are based on recent additions to our scientific 
knowledge. The newer methods allow us to fix the value of N with much 
more certainty and precision than was possible a few years ago. 

We have referred earlier in the paper to the investigations of Perrin on 
the law of distribution in a fluid of a great number of minute granules, and 
his proof that the granules behave like molecules of high molecular weight. 
The value of N can be deduced at once from the experimental results, and 
is found to be 3:14X10".. The method developed by Perrin is a very novel 
and ingenious one, and is of great importance in throwing light on the law 
of equipartition of energy. This new method of attack of fundamental 
problems will no doubt be much further developed in the future. 

It has already been shown that the value N=2°56x10'° has been 
obtained by the direct method of counting the a particles and determining 
the corresponding volume of helium produced. Another very simple method 
of determining N from radioactive data is based on the rate of transforma- 
tion of radium. Boltwood has shown by direct experiment that radium is 
half transformed in 2,000 years. From this it follows that initially in a 
gram of radium ‘346 milligram breaks up per year. Now it is known from 
the counting method that 3°-4X<10"° a particles are expelled per second from 
one gram of radium, and the evidence indicates that one a particle accom- 
panies the disintegration of each atom. Consequently the number of a 
particles expelled per year is a measure of the number of atoms of 
radium present in 346 milligram. From this it follows that there are 
35°1x10" atoms in one gram of radium, and taking the atomic weight of 
radium as 226, it is simply deduced that the value of N is 31X10". 

The study of the properties of ionised gases in recent years has led to 
the development of a number of important methods of determining the 
charge carried by the ion, produced in gases by a rays or the rays from 
radioactive substances. On modern views, electricity, like matter, is sup- 
posed to be discrete in structure, and the charge carried by the hydrogen 
atom set free by the electrolysis of water is taken as the fundamental unit 
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of quantity of electricity. On this view, which is supported by strong 
evidence, the charge carried by the hydrogen atom is the smallest unit of 
electricity that can be obtained, and every quantity of electricity consists 
of an integral multiple of this unit. The experiments of Townsend have 
shown that the charge carried by a gaseous ion is, in the majority of cases, 
the same and equal in magnitude to the charge carried by a hydrogen atom 
in the electrolysis of water. From measurement of the quantity of elec- 
tricity required to set free one gram of hydrogen in electrolysis, it can be 
deduced that Ne=1'29X10"° electrostatic units where N, as before, is the 
number of molecules of hydrogen in one cubic centimetre of gas, and e the 
charge carried by each ion. If e be determined experimentally, the value of 
N can at once be deduced from this relation. 

The first direct measurement of the charge carried by the ion was made 
by Townsend in 1897. When a solution of sulphuric acid is electrolysed, 
the liberated oxygen is found in a moist atmosphere to give rise to a dense 
cloud composed of minute globules of water. Each of these minute drops 
carries a negative charge of electricity. The size of the globules, and con- 
sequently the weight, was deduced with the aid of Stokes’ formula by ob- 
serving the rate of fall of the cloud under gravity. The weight of the cloud 
was measured, and, knowing the weight of each globule, the total number 
of drops present was determined. Since the total charge carried by the 
cloud was measured, the charge e carried by each drop was deduced. The 
value of e, the charge carried by each drop, was found by this method to be 
about 3°0X16—!® electrostatic units. ‘The corresponding value of N is about 
43x10". 

We have already referred to the method discovered by C. T. R. Wilson 
of rendering each ion visible by the condensation of water upon it by a 
sudden expansion of the gas. The property was utilised by Sir Joseph 
Thomson to measure the charge e carried by each ion. When the expan- 
sion of the gas exceeds a certain value, the water condenses on both the 
negative and positive ions, and a dense cloud of small water drops is seen. 
J. J. Thomson found e=3°4x10-'°, H. A. Wilson e=3°110—'9, and Milli- 
kan and Begeman 4°06x10—"°. The corresponding values of N are 3°8, 
4:2, and 3°2x10” respectively. This method is of great interest and im- 
portance, as it provides a method of directly counting the number of ions 
produced in the gas. An exact determination of e by this method is, how- 
ever, unfortunately beset with great experimental difficulties. 

Moreau has recently measured the charge carried by the negative ions 
produced in flames. The values deduced for e and N were respectively 
4°3x10-'° and 3:0X10”. 

We have referred earlier in the paper to the work of Khrenhaft on the 
Brownian movement in air shown by ultra-microscopic dust of silver. In 
a recent paper (1909) he has shown that each of these particles carries a 
positive or negative charge. The size of each particle was measured by the 
ultra-microscope, and also by the rate of fall under gravity. The charge 
carried by each particle was deduced from the measured mass of the 
particle, and its rate of movement in an electric field. The mean value of 
e was found to be 4°6X10—"°, and thus N becomes 2°74 X10". 

A third important method of determination of N from radioactive data 
was given by Rutherford and Geiger in 1908. The charge carried by each 
a particle expelled from radium was measured by directly determining the 
total charge carried by a counted number of a particles. The value of the 
charge on each a particle was found to be 9°3x16~—". From consideration of 
the general evidence, it was concluded that each a particle carries two 
unit positive charges, so that the value of e becomes 4°65X10-1°, and of 
N 2°77X10". This method is deserving of considerable confidence as the 
measurements involved are direct and capable of accuracy. 

The methods of determination of e, so far explained, have depended on 
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direct experiment. 'This discussion would not be complete without a refer- 
ence to an important determination of e from theoretical considerations by 
Planck. From the theory of the distribution of energy in the spectrum of a 
hot body, Planck found that e=4:69x10-", and N=2:80x10"°. For 
reasons that we cannot enter into here, this theoretical deduction must be 
given great weight. 

When we consider the great diversity of the theories and methods which 
have been utilised to determine the values of the atomic constants e and N, 
and the probable experimental errors, the agreement among the numbers 
is remarkably close. This is especially the case in considering the more 
recent measurements by very different methods, which are far more reliable 
than the older estimates. It is difficult to fix on one determination as more 
deserving of confidence than another ; but I may be pardoned if I place some 
reliance on the radioactive method previously discussed, which depends on 
the charge carried by the a particle. The value obtained in this way is 
not only in close agreement with the theoretical estimate of Planck, but is 
in dair agreement with the recent determinations by several other distinct 
methods. We may consequently conclude that the number of molecules in 
a cubic centimetre of any gas at standard pressure and temperature is 
about 2°77X10"°, and that the value of the fundamental unit of quantity 
of electricity is about 4°65 X10—’° electrostatic units. From these data it is 
a simple matter to deduce the mass of any atom whose atomic weight is 
known, and to determine the values of a number of related atomic and mole- 
cular magnitudes. 

There is now no reason to view the values of these fundamental constants 
with scepticism, but they may be employed with confidence in calculations 
to advance still further our knowledge of the constitution of atoms and 
molecules. There will no doubt be a great number of investigations in the 
future to fix the values of these important constants with the greatest 
possible precision; but there is every reason to believe that the values are 
already known with reasonable certainty, and with a degree of accuracy far 
greater than it was possible to attain a few years ago. The remarkable 
agreement in the values of e and N, based on so many different theories, of 
itself affords exceedingly strong evidence of the correctness of the atomic 
theory of matter, and of electricity, for it is difficult to believe that such 
concordance would show itself if the atoms and their charges had no real 
existence. 

There has been a tendency in some quarters to suppose that the develop- 
ment of physics in recent years has cast doubt on the validity of the atomic 
theory of matter. This view is quite erroneous, for it will be clear from 
the evidence already discussed that the recent discoveries have not only 
greatly strengthened the evidence in support of the theory, but have given 
an almost direct and convincing proof of its correctness. The chemical atom 
as a definite unit in the subdivision of matter is now fixed in an im- 
pregnable position in science. Leaving out of account considerations of 
etymology, the atom in chemistry has long been considered to refer only 
to the smallest unit of matter that enters into ordinary chemical combina- 
tion. There is no assumption made that the atom itself is indestructible 
and eternal, or that methods may not ultimately be found for its sub- 
division into still more elementary units. The advent of the electron has 
shown that the atom is not the unit of smallest mass of which we have 
cognisance, while the study of radioactive bodies has shown that the 
atoms of a few elements of high atomic weight are not permanently stable, 
but break up spontaneously with the appearance of new types of matter. 
These advances in knowledge do not in any way invalidate the position of 
the chemical atom, but rather indicate its great importance as a sub- 
division of matter whose properties should be exhaustively studied. 

The proof of the existence of corpuscles or electrons with an apparent 
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mass very small compared with that of the hydrogen atom, marks an im- 
portant stage in the extension of our ideas of atomic constitution. This 
discovery, which has exercised a profound influence on the development of 
modern physics, we owe mainly to the genius of the President of this Associa- 
tion. The existence of the electron as a distinct entity is established by 
similar methods and with almost the same certainty as the existence of 
individuala particles. While it has not yet been found possible to detect a 
single electron by its electrical or optical effect, and thus to count the 
number directly as in the case of the a particles, there seems to be no reason 
why this should not be accomplished by the electric method. The effect to be 
anticipated for a single B particle is much smaller than that due to an 
a particle, but not too small for measurement. In this connection it is of 
interest to note that Regener has observed evidence of scintillations produced 
by the 8 particles of radium falling on a screen of platinocyanide of barium, 
but the scintillations are too feeble to count with certainty. 

Experiment has shown that the apparent mass of the electron varies 
with its speed, and, by comparison of theory with experiment, it has been 
concluded that the mass of the electron is entirely electrical in origin and 
that there is no necessity to assume a material nucleus on which the 
electrical charge is distributed. While there can be no doubt that electrons 
can be released from the atom or molecule by a variety of agencies and, 
when in rapid motion, can retain an independent existence, there is still 
much room for discussion as to the actual constitution of electrons, if such 
a term may be employed,’ and of the part they play in atomic structure. 
There can be little doubt that the’ atom is a complex system, consisting of 
a number of positively and negatively charged masses which are held in 
equilibrium mainly by electrical forces; but it is difficult to assign the 
relative importance of the réle played by the carriers of positive and 
negative electricity. While negative electricity can exist as a separate 
entity in the electron, there is yet no decisive proof of the existence of a 
corresponding positive electron. It is not known how much of the mass of 
an atom is due to electrons or other moving charges, or whether a type of 
mass quite distinct from electrical mass exists. Advance in this direction 
must be delayed until a clearer knowledge is gained of the character and 
structure of positive electricity and of its relation to the negative electron. 

The general experimental evidence indicates that electrons play two 
distinct réles in the structure of the atom, one as lightly attached and 
easily removable satellites or outliers of the atomic system, and the other 
as integral constituents of the interior structure of the atom. The former, 
which can be easily detached or set in vibration, probably play an im- 
portant part in the combination of atoms to form molecules, and in the 
spectra of the elements; the latter, which are held in place by much 
stronger forces, can only be released as a result of an atomic explosion 
involving the disintegration of the atom. For example, the release of an 
electron with slow velocity by ordinary laboratory agencies does not appear 
to endanger the stability of the atom, but the expulsion of a high speed 
electron from a radioactive substance accompanies the transformation of 
the atom. 

The idea that the atoms of the elements may be complex structures, made 
up either of lighter atoms or of the atoms of some fundamental substance, 
has long been familiar to science. So far no direct evidence has been 
obtained of the possibility of building up an atom of higher atomic weight 
from one of lower atomic weight, but in the case of the radioactive 
substances we have decisive and definite evidence that certain elements 
show the converse process of disintegration. It may be significant that 
this process has only been observed in the atoms of highest atomic weights, 
like those of uranium, thorium, and radium. With the exception possibly 
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of potassium, there is no reliable evidence that a similar process takes 
place in other elements. ‘The transformation of the atom of a radioactive 
substance appears to result from an atomic explosion of great intensity 
in which a part of the atom is expelled with great speed. 1n the majority 
of cases, an a particle or atom of helium is ejected, in some cases a high- 
speed electron, while a few substances are transformed without the 
appearance of a detectable radiation. The fact that the a particles from 
a simple substance are all ejected with an identical and very high velocity 
suggests the probability that the charged helium atom before its expulsion 
is in rapid orbital movement in the atom. There is at present no detinite 
evidence of the causes operative in these atomic transformations. 

Since in a large number of cases the transformations of the atoms are 
accompanied by the expulsion of one or more charged atoms of helium, it is 
difficult to avoid the conclusion that the atoms otf the radioactive elements 
are built up, in part at least, of helium atoms. It is certainly very 
remarkable and may prove of great significance, that helium, which is 
regarded from the ordinary chemical standpoint as an inert element, plays 
such an important part in the constitution of the atoms of uranium, 
thorium, and radium. 

The study of radioactivity has not only thrown great light on the 
character of atomic transformations, but it has also led to the development 
of methods for detecting the presence of almost infinitesimal quantities of 
radioactive matter. It has already been pointed out that two methods—one 
electrical, the other optical—have been devised for the detection of a single 
a particle. By the use of the optical or scintillation method, it is possible 
to count with accuracy the number of a particles when only one is expelled 
per minute. It is not a difficult matter, consequently, to tollow the trans- 
formation of any radioactive substance in which only one atom breaks up 
per minute, provided that an a particle accompanies the transformation. 
in the case of a rapidly changing substance like the actinium emanation, 
which has a half period of 3-7 seconds, it is possible to detect with certainty 
the presence, if not of a single atom, at any rate of a few atoms, while 
the presence of a hundred atoms would in some cases give an inconveniently 
large effect. ‘The counting of the scintillations affords an exceedingly power- 
ful and direct quantitative method of studying the properties of radioactive 
substances which expel a particles. Not only is it a simple matter to count 
the number of a particles which are expelled in any given interval, but it 
is possible, for example, by suitably arranged experiments to decide whether 
one, two or more a particles are expelled at the disintegration of a single atom. 

The possibility of detection of a single atom of matter has opened up 
a new field of investigation in the study of discontinuous phenomena. 
For example, the experimental law of transformation of radioactive matter 
expresses only the average rate of transformation, but by the aid of the 
scintillation or electric method it is possible to determine directly by 
experiment the actual interval between the disintegration of successive 
atoms and the probability law of distribution of the a particles about the 
average value. 

Quite apart from the importance of studying radioactive changes, the 
radiations from active bodies provide very valuable information as to 
the effects produced by high velocity particles in traversing matter. The 
three types of radiation, the a, 8, and y rays, emitted from active bodies, 
differ widely in character and their power of penetration of matter. The 
a particles, for example, are completely stopped by a sheet of notepaper, 
while the y rays from radium can be easily detected after traversing twenty 
centimetres of lead. The differences in the character of the absorption of 
the radiations are no doubt partly due to the difference in type of ttle 
radiation and partly due to the differences of velocity, 
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Thé character of tlie effects produced by the a and £ particles is inost 
simply studied in gases. The a particle has such great energy of motion that 
it plunges through the molecules of the gas in its path, and leaves in its train 
more than a hundred thousand ionised or dissociated molecules. After 
traversing a certain distance, the a particle suddenly loses its charac- 
teristic properties and vanishes from the ken of our observational methods. 
It no doubt quickly loses its high velocity, and after its charge has been 
neutralised becomes a wandering atom of helium. The ionisation produced 
by thea particle appears to consist of the liberation of one or more slow velo- 
city electrons from the molecule, but in the case of complex gases there is no 
doubt that the act of ionisation is accompanied by a chemical dissociation 
of the molecule itself, although it is difficult to decide whether this. dis- 
sociation is a primary or secondary effect. The chemical dissociation 
produced by a particles opens up a wide field of investigation, on which, so 
far, only a beginning has been made. 

The B particle differs from the a particle in its much greater power 
of penetration of matter, and the very small number of molecules it ionises 
compared with the a particle traversing the same path in the gas. It is 
very easily deflected from its path by encounters with the gas molecules, 
and there is strong evidence that, unlike the a particle, the B particle can 
be stopped or entrapped by a molecule when travelling at a very high speed. 

When the great energy of motion of the a particle and the small 
amount of energy absorbed in ionising a single molecule are taken into 
consideration, there appears to be no doubt that the a particle, as Bragg 
pointed out, actually passes through the atom, or rather the sphere of 
action of the atom which les in its path. There is, so to speak, no time 
for the atom to get out of the way of the swiftly moving a particle, 
but the latter must pass through the atomic system. On this view, the 
old dictum, no doubt true in most cases, that two bodies cannot occupy the 
same space, no longer holds for atoms of matter if moving at a sufficiently 
high speed. 

There would appear to be little doubt that a careful study of the effects 
produced by the a or # particle in passing through matter will ultimately 
throw much further light on the constitution of. the atom itself. Work 
already done shows that the character of the absorption of the radiations 
is intimately connected with the atomic weights of the elements and their 
position in the periodic table. One of the most striking effects of the 
passage of 8 rays through matter is the scattering of the B particles, 7.e., 
the deflection from their rectilinear path by their encounters with the 
molecules. It was for some time thought that such a scattering could not be 
expected to occur in the case of the a particles in consequence of their much 
greater mass and energy of motion. The recent experiments of Geiger, 
however, show that the scattering of the a particles is very marked, and is 
so great that a small fraction of the a particles, which impinge on a screen 
of metal, have their velocity reversed in direction and emerge again on the 
same side. This scattering can be most conveniently studied by the method 
of scintillations. It can be shown that the deflection of the a particle from 
its path is quite perceptible after passing through very few atoms of matter. 
The conclusion is unavoidable that the atom is the seat of an intense electric 
field, for otherwise it would be impossible to change the direction of the 
particle in passing over such a minute distance as the diameter of a 
molecule. 

Tn conclusion, I should like to emphasise the simplicity and directness 
of the methods of attack on atomic problems opened up by recent discoveries. 
As we have seen, not only is it a simple matter, for example, to count the 
number of a particles by the scintillations produced on a zinc sulphide 
screen, but it is possible to examine directly the deflection of an individual] 
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particle in passing through a magnetic or electric field, and to determine 
the deviation of each particle from a rectilinear path due to encounters 
with molecules of matter. We can determine directly the mass of each 
a particle, its charge, and its velocity, and can deduce at once the number 
of atoms present in a given weight of any known kind of matter. In the 
light of these and similar direct deductions, based on a minimum amount 
of assumption, the physicists have, I think, some justification for their 
faith that they are building on the solid rock of fact, and not, as we are 
often so solemnly warned by some of our scientific brethren, on the shifting 
sands of imaginative hypothesis. 


The following Papers were read :— 


1. Preliminary Note on the Pressure of Radiation against the Source. 
The Recoil from Light. By Professor J. H. Poynrine, F.B.S., 
and Guy Bartow, D.Sc. 


All previous experiments on the pressure of radiation have been made 
on the force exerted by the radiation on a receiving surface. In the 
experiment described the pressure against the source from which the 
radiation starts is shown to exist. The effect may be termed the recoil 
from light. 

If an exceedingly thin disc, with both surfaces perfectly black, could 
be suspended in a perfect vacuum, a beam of energy P per c.c. directed 
normally on to it would exert pressure P when the temperature of the disc 
reached a steady state. For the energy absorbed at the front surface 
would, with a sufficiently thin disc, be emitted equally from front and 
back, and the resulting pressures of the issuing radiation would be equal 
and opposite, leaving only the pressure P of the incident beam. If the 
front surface were perfectly black and the back surface were perfectly 
reflecting and non-radiating, all the energy absorbed would be emitted from 
the front surface. As it would be emitted according to the cosine law the 
pressure due to it would be 3 P, and the total pressure would be § P. 

The experiment consisted in approximating to these conditions as nearly 
as possible. A globe was evacuated to as high a degree as could be attained, 
and in it was suspended by a quartz fibre a system of four discs, each 
12 cm. diameter, and at an arm 1cm. Each disc consisted of two cover- 
glasses, with a thin layer of asphaltum between. For a reflecting surface 
the outer surface of the glass was silvered by cathode deposition. The 
four discs were respectively black-black, black-silver, silver-silver, and 
silver-black on their front and back surfaces. A beam was directed on 
to the front surfaces of each of these in turn. The measurement of its 
energy per c.c. showed that on a perfectly black surface it should give 
142 divisions deflection of the scale used. On the actual discs it gave 
respectively 16°3, 225, 298, and 272 divisions—means of several deter- 
minations. The black surface was not a full absorber, partly through the 
reflection from the front glass. A small amount of radiometer action still 
remained, and both of these conditions tended to increase the pressure on 
it. The silver’ was not a perfect reflector, and so the second effect was 
slightly reduced. With perfectly black and perfectly reflecting surfaces 
the deflections should have been 14°2, 23°7, 28°4, and 284 divisions respec- 
tively. The observed results are sufficiently near to these to show that the 
increased effect on the second surface was chiefly due to the recoil from th 
radiation issuing from it as source. 


2. Some Properties of Light of very Short Wave-Lengths. 
By Professor THroporre Lyman.—See Reports, p. 132. 


1909. cc 
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3. The Lowell Observatory Photographs of Jupiter. 
By Professor Perctvan Low. 


The new system of planetary photography devised and carried out at 
the Lowell Observatory has secured the detailed images of Jupiter here 
presented. Its difficulty as compared with celestial photography in general 
will be realised on considering that in the finest star photographs the 
whole disc of a planet would be a mere point. 

The present results have been got chiefly through the ability of one of 
the staff, Mr. C. O. Lampland, though other members have contributed. 
The undertaking necessitated the utmost definition at every step of the 
process. Among the factors to this end were :— 

1. Selection of the observatory site for steady air. 

2 The remarkable unification of focus of all parts of the glass, the 
24-inch Clark refractor, due to Mr. Lundin. 

3. The securing of a particular colour-screen. 

4. Particular isochromatic plates. 

5. Suitable development. 

6. Guiding by hand. 

7. Adjustment of size of image and exposure time; for Jupiter this 
time was 34-4 seconds. 

Results.—The images disclose a surprising delicacy of detail. Specially 
noteworthy are the faint wisps that crisscross like lacings the several 
belts, particularly the bright equatorial one. Some of these can be seen 
in the drawings of Sir William Huggins, fifty years ago, and their 
complete character was detected by Mr. Scriven Bolton. The small white 
spots which are so peculiar a feature of the disc also come out in the 
images. Transits of the satellites and of their shadows are stamped there, 
sometimes more than one upon a single plate. 

The great number of images taken consecutively on each plate serves 
to part defects in the film or specks on the colour-screen from details on the 
planet. 

Deductions.—1. Measurement of the images shows that, after allowance 
is made for the planet’s axial tilt, the bright equatorial belt lies exactly 
upon the planet’s equator. Thus the clouds which clearly compose it are 
Jove-raised, not sun-raised, ones. 

2. Measurement of the dark belts show that they occupy approximately 
the position of the spot zones on the sun. 

3. The photographs show that the edge of the disc is less luminous than 
the centre, as is also known visually. The same is true of the sun. 

4. The dark belts are a cherry-red. This hue is also vouched for by their 
spectrum, which, taken by another member of the staff, Dr. V. M. Slipher, 
side by side with that of the bright belt, discloses a greater general 
absorption in the blue-green. 

5. Spectrograms by the same show the special Jovian absorption bands 
J, J, more intense, for equal general illumination, in the bright equatorial 
. belt. This does not seem true of Jy. 

6. Miiller’s, the latest determination of Jupiter’s albedo, is 75 per cent. ; 
that of cloud, 72 per cent. This raises a presumption that Jupiter shines 
partly by inherent light. The margin, however, is too small to permit of 
certain deductions—at present. 

7. The belts and wisps are best explained as gaps in the clouds formed 
by condensing of uprising vapours from Jupiter’s heated interior and 
strung out by his rotation. The planet is still a semi-sun. 


4. Harly Drawings of Jupiler. By Sir Wittiam Huaatns, F.R.S.- 
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5. On the Molion of some of the Small Stars in Messier 92 (Herculis). 
By Professor E. E. Barnarp. 


The visual and photographic measures of the great globular star clusters 
show that very little measurable motion exists in any of the small stars 
composing them. 


In two cases in the cluster Messier 92 (Herculis) motion is certain. 
Following are the positions of these stars :— 
Star 1 (No. 11 of Schultz’s list) : 


19020 a 175 14™ 3°75 8=+443° 12’ 12’-9. Mag. 13:2, 
Visual measures (seven years’ interval) : 
Centennial motion 8’"3 in the direction 225°-3. 


Photographic measures (eight years’ interval) : 
Centennial motion 8/5 in the direction 2227-0, 


The second star is much fainter :— 
1902°0 4 17" 14™ 9°58 8+438° 14’ 50''4. Mag. 14}, 


Centennial motion from the photographs (eight years’ interval) : 
6’5 in the direction 181°4. 


The first star is moving away from the centre of the cluster ; the second 
one is moving towards the centre. 

There are several other faint stars of this cluster that seem to have a 
slight motion. 

These results show us that many of the stars in this cluster will 
doubtless develop motion in fifty years’ time, and that in a few hundred 


years we shall be able to investigate the motions that control these great 
and dense masses of stars. 


FRIDAY, AUGUST 27. 


DEPARTMENT oF MATHEMATICS. 


The following Papers and Report were read :— 


1. Theorems in General Analysis. By Professor E. H. Moorn, 
PD LOD, 6c.) 


Especially during the last decade the study of Integral Equations has brought 
to light numerous fundamental analogies between the n-fold algebra of real 
n-dimensional space and the theory of continuous functions of an argument 
varying over a finite interval of the real number system and the theory of certain 
types of functions of infinitely many variables. 

We lay down a fundamental principle of generalisation by abstraction: 
The existence of analogies between central features of various theories implies 
the existence of a general theory which underlies the particular theories and unifies 
them with respect to those central features. The form of General Analysis in 
question, designed to furnish such a general theory of Integral Equations, is apt 
to play a central réle in the comparative or organic development of various 
analytic doctrines. 

We consider analytic systems 5 of the type (M; PD; 4). Here A denotes 
the real number system, and [P denotes a class {»] of elements p, while /§ denotes 
a class [yj of real-valued single-valued functions p» of the variable element p ot 
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the class ). Fundamentally important instances of such systems are the 
following :— 

I) P! is the class of a single element p. Ml) is the class of all functions p of 

—i.e, {M§! is the real number system A. ; 
II,,) 4, is the class of n elements p. MI)", is the class of all functions p» of 
—i.e. {IS", is the class of all n-partite real numbers. 

III) P"" is the denumerable infinitude of elements p=1, 2, 3, ..., m, ... 
@"™ is the class of all functions » of p for which the corresponding series, 
Su(p), is absolutely convergent. 

IV) P* is the linear interval : 0<p<1, of the real number system. JISV is 
the class of all continuous functions p of p. 

Properties of systems 5 common to the systems 31, .., 2"V are of fundamental 
importance. Such properties of = are essentially properties of {Ml}, since properties 
(eg. convergence, continuity) of individual functions » have usually refer- 
ence to special features (e.g. denumerability, possession of the operation — and of 
the relation <) of the class [f, the range of the variable p. Thus, there are the 
closure properties: the absolute value of a function of lS, or the product by a 
constant of a function of fl, or the sum or the product of two functions of Jl} is 
in every case a function of @M§. For {M—/iS'¥ there is furthermore the closure 
property that the limit of a uniformly convergent sequence of functions of ll) isa 
function of gM. This is not a property of (S—@S'". However, if we generalise 
uniform convergence to convergence uniform relative to a function taken as 
scale of convergence, replacing the e entering the final inequality of the definition 
of uniform convergence by e multiplied by the absolute value of the scale 
function, we secure a corresponding common property of the classes /S, . . fHS'Y, 
viz., the class /§ contains the limit of every sequence of functions of @f§ which 
converges uniformly relatively to some function of fM. There is further the 
dominance property D, that for every sequence of functions of ff} there exists a 
function of @ such that every function of the sequence is dominated by some 
numerical multiple of the function. 

A memoir, entitled ‘ Introduction to a Form of General Analysis,’ will appear 
shortly in a volume to be published by the Yale University Press. In the first part 
of this memoir I consider, especially with respect to these closure and dominance 
properties, the inter-relations of classes ¢M§ with a common range fp. In the 
second part I consider the composition of ranges [P and of classes Mf}, obtaining, 
by the introduction of the notion development of a range ff), and allied properties, 
somewhat akin to convergence and continuity, of classes /§, a very general 
theorem characterising functionally in terms of suitably conditioned classes 
M@, gi’ the functions of their *-composite class (JIN/IN’),; ¢g., for 
=A’, aS'=AN'", the *-composite class is the class of all functions of the 
two variables p, p’ continuous over the square: O<p, p’<1, and these functions are 
likewise the functions continuous in p’ for every p and uniformly continuous 
in p on P uniformly in p’ on fp’. 

In a paper: ‘On a Form of General Analysis with Application to Linear 
Differential and Integral Equations,! I defined a system as a system of General 
Analysis, and the corresponding theory as a theory of General Analysis in case 
they involve one or more variables about whose character and range of variation 
information is given only by the mediation of conditions involving one or more 
classes of functions of those and perhaps other variables. In connection with 
functional transformations of classes fff} into classes fff)’ there arises the question 
of generalising the fundamental existence theorems of Analysis. Indeed, the 
systematic study of the various analytic doctrines from the point of view of 
General Analysis will reveal types of properties and theorems of inter-relation of 
the highest novelty and importance. In a memoir to be presented to the London 
Mathematical Society I intend to take up in some detail the theory of systems 
of linear differential equations in General Analysis; the theory outlined in my 
Rome paper will be much simplified, 


1 Atti del IV Congresso Internationale dei Matematict, vol. ii. pp. 98-114. 
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2. On the present Slate of the Theory of Aggregales. 
By Professor E. W. Hopson, I’.8.S. 


Various points which have been raised in the course of recent contro- 
versies relating to the abstract theory of aggregates were discussed in some 
detail. The desirability was pointed out of a new definition of an ‘ aggre- 
gate,’ of a more restricted character than the one due to G. Cantor, and of 
such a character that no difficulties would arise from the ascription of a 
cardinal number to each such aggregate, and also of an ordinal type in case 
the aggregate is an ordered one. 


3. Generalisation of the Icosahedral Group. 
By Professor G. A. Minuer, Ph.D. 


The icosahedral group may be completely defined by the fact that its 
two generating operators (t,, t,) satisfy one of the following three sets of 
conditions :— ‘ 


t?=1,5=(it,)9=1, ?=t%=(44)°=1, t= 1,5 = (t,t,)?=1. 


Several years ago the author considered the groups which result when these 
conditions are replaced by somewhat more general ones, as follows :— 


t?=t,", (é,t.)? =1; t°=1,, (t,t.)° =1; ¢°=2,', (t,t2)? =1, 


He found that each of these three sets of generators leads to only a small 
number of distinct groups. That is, only a small number of groups can be 
generated by two operators which satisfy one of these sets of conditions. 
These results were published in the Transactions of the American Mathe- 
matical Society. In the present Paper he considers the still more general 
sets of conditions :— 


t,2= 4,5, (tyts)®=(toty)®3 G2 = 68, (ht)°=(fh)?s G2=65, (tt)? = (4t)*. 


Among the most important theorems which he established are the following. 
There is an infinite number of groups, each of which may be generated ky 
two operators satisfying one of these conditions. Each of the possible 
groups generated by (¢,, tf.) contains either the icosahedral group or the 
group of Order 120, which is insoluble and does not contain a sub-group 
of Order 60, and it must have one of these groups for its commutator sub- 


group. 
4. A New Proof of Weierstrass’s Theorem. By Professor G. A. Butss. 


The theorem of Weierstrass with which the author dealt is one con- 
cerning the factorisation of power series. Any convergent series in p+1 
variables, F > (v,, 2’, --+ 5 2) y), in which the lowest term in y alone is of 
degree n, can be expressed as a product : 

(y® + ayy™-2 4+ 266 +Qn-1Y + An) B (Hy + + y Up Y)s 

Where a,,a,... a, are convergent series in 2, . . .,%,, which vanish 
with these arguments, while @ is a convergent series in all p+1 variables with 
a constant term different from zero. The theorem is-important because 
it enables one to separate from the function F a polynomial whose roots are 
the only values of y which can satisfy the equation F=0 in the neighbour- 
hood of the origin. The original proof by Weierstrass, and most of the 
later ones, depend upon function theory. Goursat, however, recently 
called attention to the essentially elementary character of the theorem, and 
gave a more direct demonstration. In the present Paper a proof is given 
which seems still simpler than that of Goursat, and formule are set down 
by means of which the coefficients in the series @,, @, . « .) Up, ® may be readily 
computed. 
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5. On Ideal Numbers. By J. H. Grace, M.A., F.R.S. 


6. On a Correspondence in the Theory of the Partition of Numbers. 
By Major P. A. MacManon, F.R.S. 


7. A Continuant of Order N+I which is expressible as the Product 
of N+I Facters. By Professor W. H. Merzier, Ph.D. 


The theorem of this paper may be expressed as follows. The continuant :— 


Bi aa. 0 0 0 
ma(a—B) r—ap 2aa 0 0 

0 (n—1)a(a—B) 7 —2aBp 3aa 0 

0 0 (n—2)a(a—B) r—3aa 0 

: : : 

: . . *—(2u—1)aB naa 

0 ; a(a—B) r—nap 
= {r+na(a—B)} {7 +na(a—B) —2aa+aB} {r+na(a—B) —4aa + 2ap} 

nf Arennay ae Ss. o P8 . (1) 


It will be observed here that each factor differs from the preceding by the 
quantity «8 —2aa. 
If in this theorem we put a=8=1 it reduces to 


7 a 0 0 0 
n(a-—1) r—1 2a 0 0 
0 (w—1)(a-1) r—2 3a 0 


0 e . 
= {r+n(a—1)} {r+n(a—1-2a41}...fr—na}. . © 2 « (2) 
a theorem due to Painyin.! 


If in (1) B=2a all the factors become equal to (*—zaa), and the theorem 
becomes 


r aa 0 . 0 
—naa —2aa 2aa ° 0 
0 —(n—l)aa + —4aa 3a 0 
0 j i — ae r—2naa 
= (r —naa)r*! . . r ° . (3) 


Tf in (3) we put aa=1 it reduces to a special case of (2) noted by Painvin 
(loco citato). 
Tf in (1) we put 8 =0 it reduces to 


r aa 0 0 0 
naa r 2aa 0 0 
0 (n—1)aa r 3aa 0 
0 , f r naa 
0 e * aa r 
= (7? —n?a%a*) (1? — (m —1)?a70").. ee eeee eee (7? — aa") or 
= (7? —n?a7a*) (1? — (1 —1)?a70")..0.. ese eee (7? —2?a’?a?)r 


according as x is even or odd, the factors coming together in pairs . . (4) 
If in (4) we put aa=1 it reduces to a theorem given by Sylvester.? 


1 Journ. de Liowville, iii. 2 Now. Annales de Math., xiii. 
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8. Imaginary Geometry of the Conic. 
By Professor Eutery W. Davis, Ph.D. 


In this paper a comp!ste representation is given of the elements of the 
central conic whose axes are non-similar complex quantities, making it 
depend upon the representation of two auxiliary circles having each one 
of the axes for their radii, The entire plane, with the exception of the 
interior of a certain fundamental conic, is covered with pairs of conics, 
each pair connected by vectors that are the representatives of the complex 


elements, 


9. On the Invention of the Slide Rule. By Professor FLortan Casort. 


When and by whom was the slide rule invented ? Some say Edmund 
Gunter, 1620 or 1624; Augustus De Morgan said William Oughtred, 1632; 
most writers of to-day say Edmund Wingate, 1624, 1626, 1627, or 1630. 

De Morgan’s claim that Gunter invented ‘Gunter’s scale,’ but not the 
slide rule, can be verified by consulting Gunter’s works, which are easily 
accessible. No one denies that Oughtred invented the circular and the 
rectilinear slide rule; that his Latin MS., describing them, was trans- 
lated by William Forster into English and published in 1632 and 1633. 
The main question is, Did Wingate invent the rectilinear slide rule, and 
is he entitled to priority? Hutton, Benoit, Hammer, Favaro, Mehmke, 
D’Ocagne, Henrici say Yes; De Morgan says No. But De Morgan had 
not seen all Wingate’s works, most of the other writers had not seen any. 
We have had examined all of Wingate’s mathematical works, which had 
not been seen previously by De Morgan and Benoit. None contain the 
slide rule, and Oughtred is the inventor of it. The following books by 
Wingate have been examined: L’usage de la regle de proportion en 
Varithmétique et géométrie, 1624, seen by Benoit, copies in Bodleian 
Library (Oxford), in Bibliothéque Nationale and Bibliothéque Mazarine 
(Paris) ; Use of the Rule of Proportion, 1626, 1628, 1645, 1658, 1683, the 
1645 edition seen by De Morgan, copy in British Museum ; Arithmétique 
Logarithmique, 1626, seen by De Morgan; Construction and Use of Line 
of Proportion, 1628, copy in British Museum ; Of Naturall and Artificiall 
Arithmetique, 1630, 1652, copy of 1630 edition in Bodleian, of 1652 edition 
in British Museum; Ludus Mathematicus, 1654, 1681, seen by De Morgan ; 
Use of the Gauge-rod, 2nd edition, in Bodleian ; The Clarks Tutor, 1671, 
1676, copies in Bodleian, 


10. The Asymptotic Expansions of Legendre Functions. 
By J. W. Nicuouson, Nie AS NT) Se* 


The results given in this paper are generalised forms of those relating to 
Bessel functions. The Legendre functions are defined by the contour integrals, 


in the plane of a variable ¢. 
w+,1+,u-, 1-. 


a = Mace o(m +2) 2] jim] o—n (#2 n ae 
Pum) 4n sinner (n) et) (2 (=1)@—p)* 
= Tip l 


1 em tmnt)) m+n 2 x 
Q”,(4) a Aataae ar aoe ) (ni [ore —1)"(t-p)yr-m 


with a cross-cut from ¢=1 to f= —o. 
When m is a positive integer, this definition yields 


Gee. Q,”") ( Bp) J (? Fs 1) q™ | dp™ i aA Q,) (1) 
1 B.A, Report, Dublin, 1908, 
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and in general, the apes admit the following expansions: ? 


4m 
(2) Pm) = eat a =) F(—n,n+1,1-m,43(—p)) 1p] <2 
(2) Q,"(#) = 
n+m+1 
o( 2 ) o(-3) n+m+1 m—n1 
= 1, Qm— 1 ek(m—n)nt = es If i Ay Geel 4 eT —~—) =) id 
= 
wk: 
+ Qn ener ) ake =e 


(u2—1)™ jae ea 8: ) 


. —m— pameyO 
where //< 1 and pis slash e. If be negative, the exponential has argument 
3(3m + 2)ri. 

(c) If |n/>1, 
m = 2-7-1 ima @( + Mm) w( — 3 3) (n° abe. a +n+2 m+n+t 3 BS 
Q, (#) e o(n+4) “pment ( 2 4 2 : Soeur = 


-_ 


(a) If |p| >I, 
>m(,)— Sin(n+m)r _o(n+m) (w?-1)™ n+m+2 n+m+1 cage 
F (#) 9+. cos mr o(n +3) o(— ~4) pmenet F( ) 4 oy, Rat Dy =) 


“a 


+2 w(n—%) min—m p(mao-ntl m—n 1 _ a; 
rer pres yg cid Gear pomuaar r 


These define the functions of argument greater than unity. mis [ul<1, 
P,,(u) is defined as the common yalue of e+ '™” P ™(u4 20.7) and 


2 e'™™ Q™(n) = eH Q (wn + 0.7) + etm” Q™( —0.2), 
The expansions of the paper, when 7 is large, are as follows :— 
Let A,, A.» . . » be a series of coefficients satisfying 
k'(k? ~1)(r — 2)(r —4) (7 —6)A,_¢ + 4(2 — 3k*)(r —2)(r -—3)(" -4)Ay_4 
+ (1 +2) {K? + 8k?(7 — 2)? — (7 — 2)?}A,_2 + (r—1) {(2n + 1)*-(n—1)?}Ar =0, 


with A, =1, A, = — (4k? +1)/8((n + 3)?—-1°), 
Af (n+ $)?-27)A, = ~ 64?(2 — 3k”) + 3(4K? — 1)(28K? —9)/8{(n + 3)? - 1°} 
where k=m|(n+}), 


so that, if % is not of order greater than unity, A,, A,;, A, are of the same order, 
but A, of order n? less, and so for every third coefficient. Moreover, let D denote 


the operation 
mt d d \2 d\3 
= _ He Ms ( ay 
D1 + He (an) a a ian) 


where the p’s are given identically by 
Ltpyvtpot? + 2... S(L+AvtAge?74+ 2.7, 
and have the same property of convergence as the X’s. 
Then the following expansions exist, for a real argument, 7 being large:— 


Case 1: 


p>1, m<n+3, the latter not being an integer, 


zs eine sin (m+ sin (m+n) = a(n +m) Tp 
PAH) - 7 COS 7 Qum(e) = ae m). pe — i) é 


m = cima _ . @(n+M) | The-t 
Qa") se aa=aa ean 4 


' Hobson, Phil. Trans, Assoc., 1896, p. 4438 e¢ seq. 
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fan 12h k) 
tm+3=D, { log. {u-+ (0? + 3°08} - Or ees Fk 


where 


ci to 


"log 


and y?=p?—]. This holds even when, m=n”+3, 


Case 2; 
p>1, m>n+4, which is not integral. 


The expansion in this case only differs from that of Case 1 in the form of t, which 
becomes 


kp+(v? +h)! k-1 
fs 21 72)8) _ be 
tne 3=D. Tog, {w+ (+h) }—5 1 iu? +h Bel 
If m and x are both integers, P,"(1) must be defined with another multiplier, and 
the expansion is readily obtained, 


Case 3: 
O<p<(1—k?*)i, kl. 
Pim) = - ae (2. 1—p?)? Ri sin p, 
Q,"(u) =m ene . (2. 1-p?)* Ri cos p, 
p=(m+n+1) > als Seth m) ree i ie ah Siegen 


where D’ is the operation D with the signs of p,,p,;... cena 


Casa 4; 
; k>1, p<, 

2 o(n+m : 

PMH) = ae agg) A= ty RB sin 

n+m a 
Q,"(#) = 7? ay (2.1—p?)"? R} cos Py 
1-p? A, Per Neae 
‘ak As Drie Bev (ey * i 
o* Kaito: dis) 2) eee ee ; 
~log ae + yy } 


Case 5: 
k<l, p>(1—2). 


The expansion is that of Case 3, with a change of p to 


Cay o*(” + 3) p{5 (P+ vb +h ahs is 
Spiga! 27 w(n+ m)o(n =r 2 loge . kp — (ke +7 a ea leg Gs i") 
—log p+ (i? 40°) by 


394. TRANSACTIONS OF SECTION A, 


Case 6; 
When p<1=cos 6, and cos 6= mn + 3 nearly, 


6723-'mni(cos es Pu) = SOUR) Tae C) sin —  +pr(3) sin (¥ *) 


a(n—m) ‘ 
f'r(2) sin(=) eras sh, 


6733-*mi(cos 8}'Q,™(H)P™(H) = — = { T (5) cos 7 +pr(3) cos (+) 
Ome) 


her =2n+1 i y (sin 0-5" 
ise Picton m cos” 8 


and is small. 
By the use of the relation 


J im(2) = Pn=co Pn {cos § Sp 


and its analogue, it may be shown that all the expansions for Bessel functions 
given in a previous paper are special | cases of these. 
The toroidal functions, with 2 + } integral, are excluded from the investigation, 


11, Report on Bessel Functions.—See Reports, p. 33. 


DEPARTMENT OF GENERAL PHYSICS. 


The following Papers were read :— 


1. On Threefold Emission-Spectra of Solid Aromatic Compounds, 
By Professor E. See Reports, p. 129. 


2. The Influence of Electrolytes on Colloidal Ferric Oxide Solutions. 
By E. F. Burton. 


A commercial ferric oxide solution was dialysed in conductivity water, 
and the velocity with which the particles moved in a unit electric field was 
observed from time to time. At first, as the solution was purified, the 
velocity of the particles increased, but as the purification was carried on 
the velocity gradually decreased in almost linear relation with the amount 
of chlorine found in so colloidal solution. 


The influence of a potassium phosphate on the velocity of the 


particles was measured, and was found to be analogous to the action on the 
Bredig copper colloidal ‘solution previously tried by the author (Phil. Mag., 
May 1909). 

A comparison of the coagulating powers of monovalent, divalent, and 
trivalent ions on the colloidal particles indicates that the Linder-Picton- 
Hardy law holds. 


3. Separation of New Radio-aciive Disintegration Products. 
By Dr. Orro Hann. 
The disintegration theory of Rutherford and Soddy has brought forward 
a long list of radio-active products, which have distinct chemical and 
physical properties, and which may be separated by various methods, 
Some of these products emit @ particles, some 8 particles, some emit 
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a and g particles, and some do not seem to emit rays at all. The a par- 
ticles for each special product are emitted with a quite definite speed, 
which is characteristic for the product. This apparently does not hold true 
for the 8 rays. The absorption curves for the 8 rays are in some cases 
ecmplex, and seem to indicate complex 8 rays; in some cases the absorption 
curves indicate cnly one type of rays. In collaboration with Dr. Lise 
Meitner, the author began, two years ago, an investigation of all the 
various B-ray products, with the view of comparing all the separate 
and single products under identical conditions. As the result they put 
forward a working hypothesis that single radio-active products emit only 
one type of radiation, either homogeneous a particles or homogeneous 
8 particles. In the view of this hypothesis all products emitting a and 
B rays or complex B rays must be complex and be separable into two 
or more single products. The working hypothesis proved fertile in the 
case of the active deposits of thorium, actinium, and radium. 

The active deposit of thorium consists of four different, single products 
Th A, B, C, D, thorium D being a new product with a life period of 
three minutes, emitting the 8 rays which formerly were attributed to Th C. 

The active deposit of actinium consists of three different single products, 
Act A, B, C, the latter having a period of 51 minutes, and emitting the 
B rays which before had been attributed to Actinium B. 

In the case of the quickly decaying active deposit of radium, we have 
apparently single 8 rays from radium B, complex ones from radium C; 
therefore radium C must be complex and consist of three products, 
onea and two 8 ray substances. It is, of course, a matter of great diffi- 
culty to separate by chemical means very quickly decaying products, and 
I have therefore made use of the ‘recoil method’ of separating radio- 
active disintegration products. The effects in the case of pure radium C 
were very weak; but this was to be anticipated supposing the a rays 
to be omitted from the rest product of radium ©. The result seems to 
show that really radium C is complex, consisting, besides the nineteen 
minutes product, of one substance of about 1-2 minutes’ period, and one 
with an even shorter life. 

But there is still a better possibility of proving the correctness of the 
hypothesis. The authors have found that radium itself emits B rays of 
a quite distinct character. 

As it has long been known that radium itself emits also a particles, 
in the view of the hypothesis radium itself must be complex and consist 
of two different products, say radium and radium X. 

Some recent experiments seem to indicate that this might be the 
case, and it looks as if radium itself emits easily absorbable 8 rays 
only, and the hypothetical substance radium X emits the well-known a 

articles. 
If further work should prove radium to be complex, there is little doubt 
that the few other radio-active transformation products which still emit 
complex rays are complex, atid therefore may be separated. We might then 
be in a position to find some relation between life periods and other 
qualities of the products and the kind and velocity of the rays the products 
emit. 


4. On the Secondary Rays excited in different Metals by Alpha Rays. 
By Professor J. C. McLennan. 


In this paper an account was given of experiments which led to the 
following concliasions :— 

I. The secondary rays emitted by a selected metal when bombarded by 
the alpha rays from polofium deposited on copper are proportional to the 
intensity of the alpha radiation. 
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II. The secondary rays excited in thick plates of different metals by 
alpha rays of constant intensity from polonium were measured by the 
electrical charge acquired under the emission of the secondary rays by the 
plates when insulated in high vacua. The following order of intensities 
was found fot the different metals :— 


Tntensity of 

é Secondary Rays 
Platinum . ‘ ; é Fi ; ; ‘ : A . 62:02 
Silver . : 3 7 P 6 Fi . ‘ . - 61:08 
Zine . ;: : 5 é ‘ A , 5 ‘ . 60°76 
Lead . . ‘ . ci 4 0 ‘ 0 4 - 59°85 
Copper . . : . . : 3 . . . . - 50°75 
a) os : : A ; 4 5 5 < : 5 . 49°48 
Aluminium . . . . . . . . . - 47:08 


III. The delta rays from deposits of polonium on the metals zinc, lead, 
aluminium, and copper were found to be proportional to the intensities of 
the alpha radiation from these deposits, 7.e., the delta radiation appeared 
to be independent of the metal which carried the deposit of polonium. 

IV. Considerations were presented which support the view that the delta 
radiation is produced by and accompanies the alpha particle in the course 
of its expulsion from the polonium atom. 


5. On some Phenomena associated with the Radiations from Polonium. 
By V. BE. Pounn, M.A. 

In this paper experiments were described dealing with the electrical 
charge acquired by an insulated metal plate B placed close to and facing 
an insulated copper plate A bearing a deposit of polonium. 

A series of curves was submitted which made it clear that, by the 
use of moderate electric and magnetic fields, at least three types of radiation 
were present and exerted an effect of greater or less degree on the charge 
acquired by the plate B, viz. (1), the alpha rays emitted by the plate A ; 
(2) an easily absorbed secondary radiation emitted by the plate B consisting 
of negatively charged particles; and (3) an easily absorbed delta radiation 
emitted by the plate A. 

With the application of high electric and magnetic fields, however, 
results were obtained which indicated the existence of a radiation which 
had hitherto escaped detection, of negatively charged particles from the 
polonium deposits. 

From the behaviour of this radiation under various conditions it was 
censidered to consist of streams of rest-atoms from the active product 
Radium G or polonium. 


6. Anode Rays and their Spectra. By Dr. Orto Rercuennem. 
See Reports, p. 124. 


7. On Clark and Weston Standard Cells. By H. L. Bronson, 'Ph.D., 
and A. N. Suaw, B.A. 


This paper dealt mainly with the accuracy and reproducibility of Clark 
and Weston cells, and it is hoped that it may throw further light on the 
value of the cell as one of the two legal electrical standards. 

The work has been very much facilitated by the courtesy of the Bureau 
of Standards at Washington, where one of the authors, at the suggestion of 
Dr. H. T. Barnes, spent some time in the summer vacation of 1908 in 
studying the construction of modern standard cells. At the invitation of 


. 
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Dr. F. A. Wolff we have been glad to actively co-operate with the Bureau 
in the work it has been doing along these lines. 

I. The Reproducibility of the Cells when prepared according to the 
Specifications of Wolff and Waters.—The mean of fifteen Clark cells made 
in this way differed, a few weeks after their construction, from the mean 
of the reference cells of the Bureau of Standards by less than 14 microvolts. 
The average deviation of our cells from their own mean was not more than 
13, while the maximum deviation was only 31 microyolts. 

In the case of the Weston cells the figures were similar, but showed 
somewhat better agreement in every case; the difference between the mean 
of thirteen cells and the mean of the reference cells at the Bureau of 
Standards being in this case 4 microvolts, the average deviation of the cells 
from their own mean being 8, and the maximum deviation being 22. 

Some of the Clark and Weston cells were made in Washington by one of 
the writers and subsequently transported to Montreal. A means of direct 
comparison with the values of the cells at the Bureau of Standards was thus 
obtained. This comparison has recently been checked by a second inter- 
change of cells. 

We have also had in our possession six Weston cells made at the National 
Physical Laboratory in London. One of these was damaged in transit; the 
mean of the other five differed from the mean of our other cells by only 
5 microvolts. 

Il. The Effect of Introducing Slight Simplifications into the Preparation 
of Materials.—About twenty-five cells were constructed in order to examine 
the effects of slight simplifications in their preparation. It was found that 
the ingredient of main importance is the mercurous sulphate, which must 
always be prepared with great care. When unpurified mercurous sulphate 
was used in a cell, the average electromotive force was found to be from 
300 to 500 microvolts higher than that of the normal cell. The purification 
of the zinc and cadmium salts is not so important, and as the processes are 
somewhat tedious, especially in the case of cadmium sulphate, it is interest- 
ing to see what accuracy may be obtained with various samples of chemically 
pure commercial sulphates. It was found that no Clark cell made with this 
modification differed by more than 50 microvolts from the mean of our 
normal cells, while no Weston cell differed by more than 100 microvolts. 
Such cells are therefore sufficiently accurate for all practical work. 

The presence of basic oxide, oil, or small quantities of organic impurities 
was found to exert only a very small influence on the electromotive force. 

III. The Relative Value of Cells set up according to the Board of Trade 
Specifications and those set wp according to the Specifications of Wolff and 
Waters.—Ten Clark cells of the old ‘ test-tube crystal’ type were prepared 
from a number of different samples of chemically pure commercial materials, 
for the purpose of ascertaining how much they differed in voltage from those 
set up according to the modern specifications. The average electromotive force 
of these cells during the first seventy-five days, neglecting the first day, was 
0:31 millivolts higher than the mean of our normal cells. The average 
deviation of these cells from their own mean was considerable, about 
0:06 millivolts, which suggests that there might be a possible variation of 
three or four in the last figure of the mean for different batches of ten cells 
set up with different materials. It is therefore in good agreement with the 
value (0°00030 volts) given by Wolff and Waters. 

IV. The Ratio of the Electromotive Force of the Weston Cell to that of 
the Clark.—The determination of this ratio, which had also been obtained at 
the Bureau of Standards, was made with the object of furnishing a further 
check on the reliability of the comparison between our cells and those of the 
Bureau, and to give added assurance that no errors had been introduced by 
transportation. 

Five Clark cells were connected in series and placed in opposition to 
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seven Westons similarly connected. The difference between the two sets 
was then measured on a Kelvin-Varley slide by the usual potentiometer 
method. 

The ratio obtained was 0°716953, which differs from the ratio 0°716958, 
determined by Wolff and Waters, by only seven parts in a million. This 
difference, small as it is, is entirely accounted for by the small differences, 
as ascertained by direct comparison between our cells and those made at the 
Bureau of Standards, 


8. On the Action of Alpha Rays upon Glass, 
By Professor E. Ruruerrorp, F,R.S, 


DEPARTMENT OF CospMicaL Puysics. 
The following Papers were read :— 


1. Results of some Recent Terrestrial Magnetic Work. 
By Dr. L. A. Bauer. 


The first slides shown related to the results obtained from the general 
magnetic survey of the United States, chiefly executed under the author’s 
direction during the period 1899-1906. On the average, the three magnetic 
elements have been determined, with every possible care, at one station 
for every 973 square miles; hence the average distance apart between 
stations is thirty-one miles. The iso-magnetic lines reveal great irregu- 
larities, and it has become evident, from a preliminary analysis, that it 
would not be possible to establish a general formula for the earth which 
could even approximately represent the actual magnetic conditions observed, 
unless a prohibitively large number of terms were embraced in the series. 

This survey afforded opportunity for a test as to how closely the observed 
magnetic forces could be referred to a potential, or, in other words, as to 
the existence of possible vertical electric currents passing from the air into 
the earth, or vice versa, The line integrals were calculated around various 
closed circuits, one embracing the whole of the United States. The 
cbservational quantities could be represented by a potential to within about 
3h part, whereas the observational error was about ;4, part. Hence there 
was, apparently, a small outstanding portion that might have to be referred 
to non-potential forces, such as vertical electric currents. 

The question as to the existence of such currents can further be tested 
by the recent magnetic work in the Pacific Ocean of the Carnegie Insti- 
tution of Washington, and the calculations are now in progress. Further- 
more, by the end of 1910, in view of the work already accomplished and 
the results to be obtained from the ocean magnetic survey just begun in 
the Atlantic, it will be possible to make one or two complete circuits of 
the earth on the basis of freshly acquired data. Views of the vessel 
Carnegie, engaged in the ocean work, were shown, and the methods of 
observation briefly stated. 

Next, brief consideration was paid to various kinds of magnetic dis- 
turbances, e.g., the magnetic one associated with the Mont Pélée eruptions 
of May 8, 1902, and occurring simultaneously over the whole earth, and 
next the evidently purely mechanical one at the time of the San Francisco 
earthquake, April 18, 1906. The latter effect was propagated with the 
speed of the long seismic waves, and was recorded at the Coast and Geodetic. 
magnetic observatories at Honolulu, Sitka, Baldwin (Kansas), and 
Cheltenham (Maryland). The time of beginning agreed very closely with 
that given by the seismographs. 

In conclusion, a brief résumé was given of an investigation on the 
relation between solar activity and terrestrial magnetic activity conducted 
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in co-operation with Professor George E. Hale. One of the chief points 
of interest is the effects on the permanent magnetisation of the earth, 
which appear to be associated in some manner with changes in solar 
activity. The magnetic and solar data utilised embrace the period May 
1906 to January 1909. It was found that the absolute magnetic effect, 
connected apparently with an increase in solar activity, is equivalent, in 
general, to a diminution in the earth’s mean intensity of magnetisation, 
amounting between the dates February 1, 1907, and February 1, 1908, to 
about soy part. It was shown that for a successful analysis it is necessary 
to embrace all the magnetic elements and to separate the observed effect 
into its component parts—that due to the change in the external system 
of forces and that to be referred to changes in the system of magnetic 
forces below the earth’s surface. 


2. The Surface Movement of Air in certain Circular Storms. 
By J. I. Crata, M.A., F.R.S.E. 


The paper considered the curve traced by a particle of air which moves in such 
a way that the tangent to its path always makes a constant angle (a) with the 
circumference of a moving circle passing through the particle and described 
about a centre which is moving rectilinearly. The speed of the particle parallel 
to the circumference (V cosa) bears a given ratio (1/A) to the speed of the 
moving circle (U) so that U=AVcosa. This is an idealised case of ordinary 
cyclonic movement in nature. 

References to previous work were given as follows: Theoretical—(1) Dr. 
W.N. Shaw, F.R.S., ‘Q. J. R. Met. 8.,’ vol. xxix. 1903, p. 233, and ‘ Monthly 
Weather Review,’ vol. xxxi. 1903, p. 318; (2) Professor W. H. H. Hudson, 
‘Rep. Brit. Assoc.,’ York Meeting, p. 483; (8) Mr. G. T. Bennett, wide (4) 
below, p. 98. Practical—(4) Dr. W. N. Shaw, F.R.S., and Mr. R. G. K, 
Lempfert, ‘The Life History of Surface Air-Currents ’ (London, 1906). 

he equation of motion relative to the centre is first studied and found to be 


when A<1,4#(1+A sin 6)=a exp. [-2tes tan’ ‘7 ] where A?+y42=1, and 
io 


7 = (tan 39+ A)/u 
When A=1,7(1+ sin 6)=a exp. (2 tana/(1+ tan 46)] 
whett A>1, r(1+Asin 6)=a[(1+ tan 3A tan 46)/(1+ cot 34 tan 30) /*™ 7 14 


Where cosec B = A, 


~ The particular case studied by Mr. Bennett, when there is no incurvatire, is 

eisily derived by putting a=0, The curve is then given by the equation 
r(1+Asin 6)=a and is an hyperbola, a parabola or an ellipse according as 
Ais > = or <1. ; 

Some particular examples exhibiting thé general properties of the curves 
have been computed for values of A from 8 to 1/3, and of a from 0 to 45°, which 
include most of the cases of interest in practice. ! 

A difference may be noted between the trajectories when A>>1, und when 
A>1. In the first case all the trajectories finish in the centre, with the 
exception of the limiting case where there is no incurvature. In the second 
case some trajectories with small incurvatute do not finish in the centre, while 
if the incurvature is increased the fesultitig trajectories do so finish. These 
classes are separated by a parabolic trajectoty. 

The trajectories observed in practice by Dr. Shaw and Mr. Lempfert were then 
compared with those deduced theoretically, and found to be in satisfactory 
agreement with them. : 

This point of view supports Dr. Shaw’s statement that dppYoximatély circular 
storms cannot be satisfactorily explained as revolving vortices of air ¢arried along 
by currents of different velocities, 
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It is suggested that in future study the velocity of the storm centre should 
be taken as unity and the component air currents classified according to their 
velocities measured in terms of that unit. 

Expressions for the accelerations of the air particles are found, viz. :— 


Along the radius ie 406 ate —V cos a(V cosa+U sin @)/r 
Perpendicular to the radius... Gee —Vsina(V cosa+U sin 6)fr. 


The time along the relative curve is found to be given by :— 


t—t, =A(A +B sin 6+C cos 4)r/U, 
where A= —(1+k’*)(1—A?+k’*)/k 
= —A(1-V°+#)/k 
C=a(1—a?+ k?) 
and k? = tan?a(1—A?). 


The coordinates of the path in space are then found to be 


x= Ut+r cos 6 
=[A(A+B sin 6+ C cos 6) + cos 8]7 + const 
y =r sin @ 


together with the equation for 7 in terms of 6. ; 
The particular case, studied by Dr. Shaw, where U=V and a=0 is then 
deduced, in the form 
(Yo— Y)(2Yo + 9)? = Syor*. 


3. The Distribution of Atmospheric Pressure in Canada. 
By R. F. Stuparr. 


4. On the Size of Hailstones observed during a Storm in Western Canada. 
By J. W. Surerey, B.A. 


The author took the opportunity of recording the size and shape of 
hailstones that fell during a recent storm in the foot hills of the Rockies, 
some of which were larger than hen’s eggs. At the centre of one hailstone 
a small black fly was found. 


5. Some Resulis of Stellar Parallax Investigations made at the 
Radcliffe Observatory, Oxford. By Dr. A. A. Rampavt, F.R.S. 


Within the last six years the astronomical equipment of the Radcliffe 
Observatory received an important addition in the shape of an equatorial instru- 
ment carrying two telescopes of 24 inches and 18 inches aperture respectively, 
the focal length of both being 22 feet 6 inches. A full description of the 
instrument will be found in ‘ Engineering’ for December 21, 1906. 

Preliminary observations haying shown the suitability of the instrument for 
work of high precision, it was determined to apply it to the investigation of 
stellar parallax, adopting Kapteyn’s photographic method. The immediate object 
of the research was to demonstrate the feasibility of a photographic ‘ Durchmus- 
terung’ for parallax extending to stars of the 13th or 14th magnitude. For 
this purpose nine regions of the sky were selected in consultation with Professor 
Kapteyn, and of these forty-six complete photographs, each consisting of twelve 
separate exposures, have been obtained. The work of measuring and discussing 
these plates is still in progress, but in this paper an account is given of some of 
the results already obtained. 

Five plates representing the region surrounding the star L1 5761 were sent to 
Professor Kapteyn and were measured and discussed by him at the Astronomical 
Laboratory, Groningen. This star is of magnitude 8:0, and its place for 19050 
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is R.A. 342" 49*-97, Decl. + 25°69" 163, It has a large proper tiotion—viz., 
—0*018, —0’88 in R.A. and Decl. respectively. The separate results deduced 
from the five plates are as follows :—0’004, + 0'"114, 0':072, +0’051, +0192, 
from the mean of which we have as the parallax of this star, relatively to 
seventy-five comparison stars of mean magnitude 11:0, 


: + 0085 + 0'-022. 


The mean probable error of the parallax of one of the comparison stars as 
derived from the five plates is +0013, 

At a later date two plates, 6B and 54B, representing the region around 
Weisse 6", 128 were sent to Professor Kapteyn at his request. The magnitude 
of this star is 8:4, and its position for 19050 is R.A. 6°9™55s-05, Decl. 
+ 44°-44"43'"4, It has a proper motion of —0::028 and —0’"33 in R.A. and 
Decl. respectively. The separate results deduced by him from these two plates 
are +07°136 + 0018 and +0’067 + 0''-020, or, taking the mean, we haye as the 
parallax of this star: 

+0'7102 + 0'-013. 


For the probable error of the parallax of one of the 166 comparison stars we 
have, using Kapteyn’s notation (see Groningen Publications No. 12); 


No. of Plate Ps P, p,’ 
6B + 0-018 + 0’""032 + 0’-028 
54B + 0:020 + 0°035 + 0°027 


The remainder of the plates will be measured and discussed at the Radcliffe 
Observatory and some progress has already been made with this work. The 
results for the double star, L1 6888 and 9 ( = 5 443) appear of sufficient importance 
to lay before the Section. This is a double star the components of which are of 
the magnitudes 8°5 and 8°8 respectively, and have a large common proper motion 
amounting to +0*053 in R.A. and —1/-24 in Declination. In this case the 
parallax factor is only 2°21—the normal factor being 4—and we find p3= +0032, 
p, = + 0'055, and p,’= + 0-080. 

On this plate there are 191 stars suitable for measurement. Grouping them 
according to magnitude, we find the following results : 


Mean Parallazes. 


Limits = * No. of 
M Parallax Stars 
ag. 

Brighter than 8-5 +0'110 5 
85— 95 + 0:067 7 
9-5—10°5 + 0-017 | 25 

Fainter than 10°5 —0:010 154 


The central star 3 443 is most probably a binary system, and taking the mean 
of the results found for the separate components, we have as the parallax of this 
system relatively to 189 comparison stars—z = + 0':10 + 0'”-02, 


6. Two curiously similar Spectroscopic Binaries. By J. 8. PuasKerr 
and W. E. Harper. 


1909. DD 


402 TRANSACTIONS OF SECTION A. 


MONDAY, AUGUST 30. 


Discussion on Positive Electricity.* 
Opened by Professor Sir J. J. Tuomson, F’.R.S. 


The following Papers and Reports were then read :— 


1. The Law of Distribution of Stellar Motions. 
By A. 8. Eppineton, M.A., M.Sc. 


Professor Schwarzschild’s hypothesis accounts for the existence of two 
favoured directions in the distribution of the proper motions of the stars 
by assuming an ellipsoidal modification of Maxwell’s frequency law, so 
that the frequency of a stellar velocity (wu, v, w) is proportional to 


E—g?u?—h* (0° +?) 


He has shown how to determine the constants of the ellipsoid from the 
observed statistics of the numbers of stars moving in the various directions. 

The method can be extended so as to make use of the mean proper 
motions of stars, instead of the numbers of stars moving in the various 
directions, as the observed data. This can be done quite rigorously; but 
by making an approximation (which is always amply sufficient in practice) 
the following simple rule results: the radius of the velocity-ellipse in 
the direction @ is the geometric mean between the mean P.M. of stars 
moving in the direction 6 and the mean P.M. of stars moving in the 
direction 6 + 180°. In this way it is easy to determine the velocity-ellipse 
for any region. For the seven regions of the stars of Groombridge’s cata- 
logue, I find the following values of the ratio of the minor and major 
axes of the velocity-ellipses (1) derived in this way and (2) derived from 
the numbers of proper motions. 


Mean P.M.’s ... °59,°56, *76, *82, -65, ‘53, -66, respectively. Mean ‘65 
No. of P.M.’s ... °59, °58, ‘70, ‘81, ‘72, -61, -72, respectively. Mean ‘68. 


The agreement region for region is very satisfactory, and there appears 
to be no systematic difference between the results derived from the two 
kinds of data, 

Another development of Schwarzschild’s theory which it seemed worth 
while to investigate is the consideration of a velocity-ellipsoid having three 
unequal axes, in place of the spheroid which has hitherto been considered. 
It was conceivable that some of the discordances of the various determina- 
tions of the vertex might be reconciled in this way; but the special interest 
of the discussion lies in the question whether the distribution of stellar 
motions has a special relation to the galactic plane. It is now fairly well 
established that the greatest axis of the velocity-ellipsoid lies accurately 
in the galactic plane; but, apart from this preference for a particular axis 
in the galactic plane, is there a preference of stellar motions for the 
galactic plane in general? If the distribution of the stars is comparatively 
limited in the directions of the galactic poles, it might be expected that 
their velocities in these directions would be, on the average, smaller. 
We should then have a velocity-ellipsoid with three unequal axes, of which 
the least would point to the galactic poles. On comparing observation 
with theory, the evidence, though inconclusive, appears to be unfavourable 
to the hypothesis of an appreciable deviation of the velocity-ellipsoid from 
the form of a prolate spheroid. 


* Published in Hngineering, Sept. 17, 1909, 
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2. The Variation of the Specific Heat of Mercury at High 
Temperatures. By Professor H. T. Barnes, D.Sc. 


In 1902 the author communicated to the British Association the 
preliminary results of an investigation of the variation of the specific 
heat of mercury with temperature between 0° and 100° C. Since then 
the work has been carried over a wider temperature interval, and it has 
been possible to extend the curve of variation towards the boiling-point 
of the mercury. 

In the older work the continuous method of calorimetry was used, 
including much of the apparatus employed by the author in his measure- 
ments of the specific heat of water. Thus the thermometers were’ the 
same, as well as the Clark cells and resistance standards. It should be 
possible, then, to express the specific heat of mercury with considerable 
accuracy quite independent of any values assumed for the electrical 
standards. 

The specific heat of mercury above 100° C. was also obtained by a 
continuous method, and therefore possessed the advantages of steady 
temperature conditions. 

A stream of mercury was heated while flowing through a fine steel tube 
in the vapour of some suitable organic substance possessing a steady 
boiling-point up to the desired temperature. It then passed directly into 
the calorimeter, which was provided with an inflow and outflow tube fitted 
with thermometers. Directly through the heart of the mercury passed a 
fine glass tube, through which a stream of water at room temperature 
flowed. Thermometers in the water gave the rise of temperature, which 
with the flow gave a measure of the heat taken out of the mercury. The 
temperature fall in the mercury, together with a knowledge of the flow, 
gave a measure of the cooling effect produced, and hence, after correcting 
for heat loss, of the specific heat. By this method the flows were arranged 
so that the mercury was seldom cooled more than 40° C., while the water 
was not warmed more than 10° or 15° C. Thus the average specific heat 
could be determined at the high temperature over a comparatively small 
interval of temperature, while the heat extracted by the water could 
be measured over a temperature interval in which the specific heat of the 
water was accurately known. The heat loss was determined by special 
experiments with no water flowing. This was found to be proportional to 
the mean temperature of the mercury in the calorimeter. Having deter- 
mined the heat loss for several mean temperatures between 100° and 200° 
the curve was plotted, and for each calorimeter the heat loss was read 
off for any intermediate mean temperature. Differential platinum 
thermometers were used to obtain the temperature, except in some of the 
experiments when sensitive mercury thermometers were placed in the water 
inflow and outflow. The readings of these mercury thermometers were 
reduced by direct comparison with a platinum thermometer. 

The author has recalculated all of his older observations, and these 
results have been reduced to the normal hydrogen scale. The results 
obtained by the later work have been reduced to the same scale. It was 
not possible to obtain such accuracy in the later work as characterised 
the observations by the electrical method at the lower temperatures. This 
was partly due to want of water jacketing and to the impossibility of 
airanging a vacuum jacket about the calorimeter. Lagging was employed 
of asbestos string, wound on carefully, and glass wool. The observations 
check out to one or two parts in 1,000, and it is unlikely that the curve 
is in error by more than that, if as much. All of the observations at 
the lower range taken by the electrical method with water and vacuum 
jackets are of much greater accuracy. It is very unlikely that they are 
in error by more than one or two parts in 10,000. 

DD2 
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The results of this investigation are chiefly interesting in showing that 
the specific heat of mercury passes through a minimum value at about 
140° C. and increases fairly rapidly up to the boiling-point. In this 
respect it resembles water very closely, which possesses a minimum point 
at 37° C., or at about the same relative position between the freezing and 
boiling points in the two cases. 


Specific Heat of Mercury at various Temperatures. Actual Observations. 


Electrical Method Water-cooled Method 
Specific heat Specific heat 

Temp. Pract Temp. cecrsdtell 

LPio8 Os 

2°93 0:033489 159-65 0:03287 

4-45 0:033460 160°46 0:03297 
18°37 0:033318 222°85 0:03291 
24:52 0:033261 224-46 0:03304 
31:68 — 0:033194 225-49 0:03299 
32°44 0:033185 252-73 0:03309 
36°59 0:033178 253°06 0:03309 
45:00 0:033085 261°57 0:03321 
53°39 0:033040 268'23 0:03318 
65:22 0:033007 
83°89 0:032931 


3. The Relation of Vocal Quality to Sound Waves. 
By T. Proctor Haun, M.A., Ph.D., M.D. 


An apparatus for making enlarged tracings of sound waves from a 
cylindrical graphophone record, the magnification ranging from 150 to 
2,500 times, was described. In the sound waves two elements are distin- 
guished, impulse and resonance, which are illustrated by waves from the 
cornet, violin, bugle, &c. Vocal waves are found in groups regularly 
repeated. Each group contains a single impulse frem the vocal cords, 
together with one or more sets of resonance waves produced by vibrations 
of the air in the vocal tubes. Pitch is determined by the number of 
impulses per second—i.e., by the number of wave groups—and is not 
affected by the character of the waves within the groups. The vowel quality 
of vocal sounds is not perceptibly affected by the number or form of the 
resonance waves, but is dependent upon their periodicity. The rate of 
the resonance waves may be calculated from the length of the air tubes 
upward from the vocal cords. The calculation shows, for example, that 
the sounds m, n, ng, all contain a resonance wave whose period is about 
530. The mean rates found from measurements of the enlarged waves are 
for m 550, for n 535, for ng 580. The observed rate for the sound of ‘a’ 
in the word ‘ great’ is 420, and for the sound of ‘a’ in ‘ mat’ 770 waves 
per second. The investigation is continued. 


4. Electric Splashes on Photographic Plates. 
By Aurrep W. Portsr, B.Sc. 


The author exhibited lantern slides of the figures obtained by develop- 
ing photographic plates over which electric discharges had been allowed 
to spread. These were in extension of a series shown to the Physical 
Society of London last November. Splashes with different gases surround- 
ing the plate prove, from their great dissimilarity in the case of ‘ negative’ 
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splashes, that the surrounding gas practically determines them. In the 
case of ‘ positive’ splashes the surrounding gas has very small influence. 
If the pressure of the surrounding air is reduced, the appearance completely 
changes. At a pressure of about 17 cms. in air the negative splash has 
a very definite appearance, showing two new dark spaces with triangular 
‘squirts’ of discharge extending between them. 

The radical difference between positive and negative discharges is very 
pronounced. If a triangular or rectangular electrode is placed on the 
plate, the branched figures obtained tend to leave at the corners of the 
plate when this electrode is made positive, but to leave at the sides (and 
at right angles thereto) when it is the negative terminal. 

The effects of a magnetic field and of a blast of air over the plate were 
also exhibited. 


5. The Photographic Action of Alpha Rays. By T. Kiyosurra. 


6. On Secondary Radiation by Gamma Rays on Different Metals. 
By Professor A. S. Eve. 


7. On the Active Deposits from Actinium in Uniform Electric Fields. 
By W. T. Kennepy, M.A. 


In es paper an account was given of some measurements on the 
amount of active deposit from actinium obtained at different pressures on 
two parallel plate electrodes provided with guard rings and placed about 
2mm. apart. 

The deposits were obtained on both electrodes under a field of 250 volts. 

As the pressure was decreased from atmospheric the amount of active 
deposit on both electrodes gradually increased, passed through a maximum 
value, and finally at low pressures rapidly decreased. The maximum 
activity was obtained at different pressures for the two electrodes, in each 
of the gases hydrogen and carbon dioxide and in air, and the maximum 
cathodic deposit was found to be about 2°7 times that obtained on the anode 
in each of the gases. 

The total deposit on the two plates obtained in air at varying pressures 
was found to be approximately the same, whether an electric field was 
applied or not. The total active deposit was also found to be increased 
on both electrodes when potentials higher than the sparking ones were 
applied. The relative coefficients of diffusion for the emanation from 
actinium were found to be—Carbon dioxide, 1; air, 13; and hydrogen, 42. 


8. The Effect of Light on Sulphur Insulation. By F. W. Bares. 


During a series of experiments on the ionisation of the air in closed 
vessels, the author used an electroscope in which the leaf system was 
supported on sulphur insulators. When an attempt was made to calibrate 
the instrument, large variations in the rate of leak were noticed, which 
seemed to depend on the intensity of the light falling on the leaf system. 
A series of experiments was then undertaken to discover whether any such 
definite relation existed. 

It was found that the average day-rate of leak was greater than the 
average night-rate, that bright sunlight falling on the insulator increased 
the rate very greatly, while even partially excluding the light decreased 
it perceptibly. By intercepting some of the sun’s rays by means of either 
cobalt blue or red glass the rate of leak was much lessened, and by totally 
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excluding the light from the insulation the day-rate of leak was reduced 
to practically the same as the night-rate. : 

The theory that this change of rate of leak was due to a rapid and 
violent change in the rate of ionisation of the air in the vessel was early 
abandoned, for it was found that by merely causing the sunlight already 
shining into the vessel to fall directly on the sulphur insulation a great 
increase in the rate of leak was obtained, although there was no more 
sunlight entering the electroscope than formerly. The theory that sulphur 
is affected in much the same way under sunlight as zinc is under ultra- 
violet rays was also abandoned, for it was found that positive and negative 
charges leaked equally fast under similar conditions. An electroscope was 
constructed with a guard-ring about the sulphur insulation which was on 
the exterior of the vessel, and thus completely exposed to the light. 

In daylight, when the guard and the leaf carried charges opposite in 
sign, the leaf lost its charge, and in time acquired a charge similar in 
sign to that on the guard; but when both guard and leaf carried the same 
kind of charge, the charge on the leaf increased if initially less than 
that on the guard, but decreased if initially greater. On the other hand, 
at night either kind of charge leaked away from the leaf, even with the 
guard charged, which was undoubtedly due to the ionisation of the air in 
the vessel. 

The conclusion is that sulphur in the presence of light becomes to a 
slight degree a conductor of electricity, and the greater the intensity of the 
light, the greater the conductivity; and, further, that the leak due to 
ionisation is less than that due to the increase in the conductigity of 
sulphur, exposed even to ordinary daylight. It is necessary, therefore, that 
great care should be taken when measuring small electrical changes with . 
instruments having sulphur insulation to keep light from falling on the 
sulphur. 

A series of preliminary investigations in which amber and ebonite were 
used as insulators indicated a slight increase in the conductivity of ebonite 
in strong sunlight, but amber did not show any such effect. The importance 
of the effect of light on insulation was so great that the writer purposes 
investigating thoroughly with these and other materials in order to find 
its extent, and also, if possible, to discover the exact nature of the change 
produced by light on sulphur. 


9. The Charge on Gaseous Ions. 
By 'T. Franck and Dr. W. Wrstpuau. 


J. S. Townsend! has shown that by X-rays doubly charged ions are 
generated. Recent experiments made by the author ? lead to the conclusion 
that these doubly charged ions are only a small part of the total ionisation, 
and that generation in an electric field, contrary to Townsend’s view, has 
nothing to do with their formation. The coefficient of diffusion of the ions 
generated by X-rays, as measured by the method of Townsend,* may be 
reduced to half the value of singly charged positive ions by placing some 
wire gauze in the way of the ions, which causes a kind of fractionated 
diffusion, more of the easily diffusing singly charged ions being lost in 
the holes than of the double ones. If we assume that practically all singly 
charged ions have been removed by the wire gauze, the coefficient of 
diffusion of the double ions is thus found to be half that of the single ones. 

From the point of view of Rutherford’s cluster theory of the ions, this 


1 Proc. Roy. Soc. May 1908. 
2 Verh. Deutsch. Phys. Ges. 11, 146, 1909; 11, 276, 1909. 
° Phil. Trans. (A.) 193, 129, 1900, 
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result indicates that the doubly charged ions carry double mass, while it 
would agree as well with the new theory of Sir J. J. Thomson and Wellisch, 
from which follows that a double charge reduces the coefficient of 
diffusion, even when the mass remains unaltered. In this case the co- 
efficient of diffusion may be still smaller than the measured value. 

Witha, 8, y rays and point discharge no doubly charged ions were found, 
In the case of point discharge, the formation of big charged complexes, due 
t» chemical processes, was proved to occur. 


10, The Recombination of Ions in Air at Different Temperatures. 
By Dr. P. Pures. 


Langevin has shown that McClung’s original experiments on this subject 
were quite spoiled by diffusion owing to the electrodes being too near 
together, and to the intense ionisation which existed at the surface of the 
electrodes, 

L. L. Hendren has shown experimentally that diffusion is almost 
negligible at the temperature of the laboratory and at atmospheric pressure 
if the distance between parallel electrodes is at least 2 ems. and the 
ionisation is uniform between them. 

In the present experiment Langevin’s method for finding the recombina- 
tion is adopted. The rays produced by a single discharge in a Rontgen 
bulb ionise a layer of air between two parallel electrodes, one of which 
is connected with a Dolezalek electrometer, and the other raised to any 
desired potential. The parallel electrodes are about 3 cms. apart, and 
the layer of ionised air about 1°5 cm. thick, thus leaving spaces of about 
‘75 cm. between the surfaces of the ionised layer and the electrodes. 
Under these circumstances, it is probable that diffusion may be safely 
neglected, but in any case more rapid diffusion would here make the 
recombination appear slower. ° 

The electrodes are surrounded by a jacket through which vapours from 
liquids boiling at known temperatures may be circulated. 

In essence the experiment consists in measuring the charges received 
by the electrometer when different fields are established between the 
electrodes. This is done first at the temperature of the laboratory and 
then at the temperature of the boiling liquid. From a comparison of 
the two series of readings, the ratio of the coefficients of recombination at 
the two temperatures may be calculated, the coefficient at the temperature 
of the laboratory being taken as unity. 

The following results have been obtained up to the present, and they 
show that a decreases somewhat rapidly with a rise of temperature : 


Temperature a Mr, Erikson’s values 
15° C, 1-00 ; 1:00 
100 “50 BL 
155 40 405 
178 "36 *38 (extrapolating a little) 


Since completing the above experiment, Mr. Erikson has published a 
paper on the same subject. Using ionisation from radium, and with an 
entirely different method, he gets almost identical results. These are shown 
in the third column of the table for comparison. 


11. The Terminal Velocity of Fall of Small Spheres in Air. 
By Professor Joun ZauEeny and Li. A. McKnenan. 


To test Stokes’s formula for air, the size, density, and the terminal 
velocity of fall of some spherical spores were determined, 
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The following results were obtained : 


. Velocit 
Substance Radius Density eee 2 aeconditle to 
Voges Stokes's formula 
em. : cms./sec, 
Lycoperdon . 0:000207 1:44 0:0465 0:0757 
Polytricum . 0-000478 1:53 0:228 0°417 
Lycopodium , 0 00158 1175 177 3°52 


12. Report on the Magnetic Observations at Falmouth Observatory. 
See Reports, p, 36. 


13. Report on the Geodetic Are in Africa,—See Reports, p. 87, 


14. Highth Report on the Investigation of the Upper Atmosphere by 
Means of Kites.—See Reports, p. 87. 


15. Report of the Committee on Electrical Standards, 
See Reports, p. 38. 


16. Report of the Seismological Commitlee.—See Reports, p. 48. 


17. Report of the Committee to aid in Establishing a Solar 
Observatory in Australia,—See Reports, p, 66. 


TUESDAY, AUGUST 31. 


Discussion on ‘ Earth Tides.’ 
Opened by Professor A. E. H. Love, F.R.S. 


Lord Kelvin showed (1863) that, if the earth could be regarded as 
hcmogeneous and absolutely incompressible and possessed of the same degree 
of rigidity as steel, the oceanic tides of long period would be reduced, owing 
to the yielding of the earth, to about two-thirds of the theoretical heights 
which they would have if the substance were absolutely rigid. Sir G. Darwin 
(1881) estimated the actual height of the fortnightly tide as about two- 
thirds of the theoretical height. Attempts to measure directly the lunar 
disturbance of terrestrial gravity were made by several observers, and 
recently Dr. O. Hecker, by using two horizontal pendulums mounted in an 
underground chamber, has demonstrated the existence of the corporeal tide, 
and has shown that the actual deflexion of such pendulums is about two- 
thirds of what it would be if the earth were absolutely rigid. This result 
means that, besides the tide-raising force of the moon (F), there act on 
the pendulum other forces arising from the deformation of the earth. These 
forces are (i) the component of undisturbed gravity tangential to the 
deformed surface, denoted by hF'; (ii) a genuine disturbance of gravity, 
consisting in the attraction of the tidal protuberance and other related 
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changes of the attraction of the mass of the earth, denoted by kF. The 
results obtained by Darwin and Hecker, and confirmed by Schweydar, show 
that the two numbers h and k are connected by the equation h—k=1}. From 
this result alone we cannot determine either h or k, and so cannot determine 
the actual height of the corporeal tide without having recourse either to 
hypothesis or to new observations. If we adopt Kelvin’s hypothesis, we 
find k=%h, and thence h=§8, k=i, and the corresponding estimated 
height of the corporeal lunar tide is about 46 cm. If, however, we bring 
in the fact of observation, discovered by Dr. S. C. Chandler, viz., that 
the period of variations of latitude (about ten months if the earth were 
absolutely rigid) is actually about fourteen months, we can determine k in 
terms of known quantities. Variations of latitude imply an adjustment of 
the earth’s figure to rotation about an instantaneous axis which does not 
quite coincide with a principal axis. The corresponding inequality of 
‘centrifugal force’ has the same effect as a certain external force pro- 
ducing a deformation of the earth and a genuine disturbance of gravity. 
If the force in question is denoted by F, the genuine disturbance of gravity 
may be denoted by kF, where the coefficient k is necessarily the same as in 
the tidal problem. It has been proved independently by Sir J. Larmor and 
the author that k& is about 74. It thence appears that h=# approxi- 
mately, and that the height of the corporeal lunar tide is about 33 cm. The 
earth would accordingly appear to be more rigid than Lord Kelvin estimated 
it to he, a result confirmed by the interpretation of seismographic records. 


DEPARTMENT OF GENERAL Puysics, 


The following Papers were read :— 


1. The Lengthening of Loaded Wires when Twisted, 
By Professor J. H. Poyntine, F.R.S. 


An analysis of a pure shear, taking into account quantities of the order e?, 
where ¢ is the angle of shear, shows that there may be a pressure perpendicular to 
the planes of shear proportional to «?. If this applies to a twisted wire and the 
pressure is not applied the wire should lengthen on twisting. The author described 
experiments on steel, brass, and copper wires, all of which when loaded sufficiently 


to take out kinks showed a lengthening d/ =, sa°6°/7, where a is the radius, 


J the length, 6 the angle of twist, and s is for steel about 1, for copper and brass 
about 1°6,! 


2. The Angular Momentum in a Beam of Circularly Polarised Light. 
Ly Professor J. H. Poyntine, FBS, 


From the analogy of a shaft revolving uniformly and transmitting strain and 
energy with the ‘natural’ velocity ./ rigidity + density the suggestion is 
obtained’ that the angular momentum given per second to a normal receiving 
surface by a beam of circularly polarised light of wave-length A and energy 
E per c.c, is EA/2e, 


——_- -—_—- 


1 See Proc. Roy. Sac., A, vol. 1xxxii. p. 546. * Ibid. A, vol, lxxxii, p. 560. 
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3. The Effect on the Persistence of Vision of Fatiguing the Hye with 
Red, Orange, and Yellow. By Professor Frank AuuENn, Ph.D. 


In order to determine the persistence of vision a sectored disc is rotated 
in front of the slit of a spectrometer at such a speed that the flickering of 
the colour is made to just disappear. This critical speed is very accurately 
measured electrically by means of a chronograph. A persistency curve can 
then be obtained which is shaped like a parabola with its apex at the point 
corresponding to the brightest part of the spectrum. If the eye is constantly 
fatigued with some colour and the persistency now measured, the two per- 
sistency curves when plotted together show some peculiar and characteristic 
differences. When the eye is fatigued with red light of wave-lengths 680 
and 670, the fatigue curve differs from the normal only in the part 
corresponding to red. When the eye is fatigued with green, the two curves 
differ in the green alone. But when the fatiguing colour is any part of 
the spectrum between wave-lengths 577 and 650, the curves differ in both 
red and green. When, however, the wave-length 660 is used as the fatiguing 
colour, the two curves coincide completely. This means that the funda- 
mental red sensation is at least beyond wave-length 660, and that yellow 
and orange cannot be simple primary sensations. 


4. A New Method of Measuring the Luminosity of the Spectrum. 
By Professor Frank ALLEN, Ph.D. 


The principle upon which this method depends is that the persistence 
of a colour sensation on the retina is a function of the luminosity of the 
colour only. 

Two Nicol prisms are mounted in front of the spectrometer slit. It is 
so arranged that in the eyepiece one sees two small adjoining patches of 
light, one white, the other all colours of the spectrum in succession. The 
white light is of such low intensity that its persistence is the same as that 
of very weak violet light. By rotating the polariser the intensity of the 
spectrum colours is reduced to that of the standard white. The intensity 
of the light going through the Nicols being proportional to the square of 
the cosine of the angle between their principal planes enubles the luminosity 
to be determined. 

A sectored disc rotating in front of the slit interrupts both white and 
coloured lights at the same time, thus enabling the persistence of the flashes 
of light to be measured. 


5. The Effect of Low Temperatures on Fluorescence Spectra. 
By Professor Epwarp L. Nicnous and Ernest Mernritv. 


This is a quantitative spectrophotometric study, by methods previously 
employed by the authors and described in various papers, of the spectra 
of certain fluorescent substances at temperatures between +20° C. and 
—185° C. 

The bodies subjected to measurement were :— 

(1) A specimen of natural willemite in powdered form; 

(2) Commercial anthracene showing the green fluorescence bands of the 
impure preparation ; 

(3) An alcoholic solution of fluorescein ; 

(4) An alcoholic solution of resorufin. 

Excitation was produced by means of a quartz-mercury lamp any portion 
of the spectrum of which, dispersed through quartz, could be focussed on 
the surface of the fluorescent hody. The latter was placed in an enclosed 
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chamber to prevent the deposition of frost. Cooling was effected by liquid 
air applied from below to a metal tube at the upper end of which was the 
substance, while the lower end was submerged to various depths in a Dewar 
flask. Temperatures were determined by means of the resistance of a coil 
of pure copper wire surrounding the capsule containing the substance. 

The measurements consisted in comparing the brightness of the 
fluorescence spectra, wave-length by wave-length, with that of an acetylene 
flame which had previously been similarly compared with the spectrum of 
the light from an ideal black body of known temperature. 

The results are exhibited by means of three sets of curves. 

(1) Curves giving the variations of brightness of the fluorescence 
spectrum with wave-length at a given temperature. These show the form 
of the fluorescence bands, their changes in intensity and breadth and their 
shift in wave-length as the temperature diminishes. 

(2) Curves giving the variations of intensity of a given wave-length 
with change of temperature. 

(3) Curves giving the shift in wave-length of regions of equal brightness 
in the fluorescence spectra with change of temperature. 


6. Absorption and Fluorescence of Canary Glass at Low 
Temperatures. By R. C. Gress. 


The specimen of glass studied was obtained from the Geophysical 
Laboratory at Washington, and was prepared according to the following 
formula: SiO, 70 per cent., K,O 24 per cent., CaO 6 per cent., to which 
2‘5 to 3:0 per cent. sodium uranate is added. 

In order to study the absorption and fluorescence at low temperatures 
the glass, a rectangular plinth, was mounted in an unsilvered cylindrical 
Dewar bulb with proper screening, to avoid stray light. The observations 
were made with a Lummer and Brodhun spectro-photometer. For measuring 
the absorption an acetylene flame was placed so that by means of reflectors 
light could be made to illuminate the comparison slit, and also by another 
path to pass through the glass to the other slit of the spectro-photometer. 
A Cooper-Hewitt mercury lamp, placed so as to illuminate the surface of 
the glass parallel to the direction in which the light passed through the 
glass when studying the absorption, was used to excite fluorescence, the 
intensity of which was compared with that of an acetylene flame. 

The intensities of transmission and fluorescence were measured at five 
or six different temperatures, chosen at fairly regular intervals, from room 
temperature down to —175° C. Cooling was secured with liquid air, and 
the temperature measured with a thermo-junction by the potentiometer 
method. During any particular run through the spectrum the temperature 
was kept constant within two degrees. Extreme care was taken to eliminate 
frost or moisture from the surface of any of the glass through which the 
light passed. 

The glass shows considerable absorption throughout the spectrum, but 
the maximum occurs in the violet end and extends up to about ‘51. The 
decrease in temperature produces a decrease in absorption in all parts of 
the spectrum measured, the change being very slight in the yellow and red, 
while from ‘45 » to ‘54 » the transmission intensity increased from 15 to 
25 per cent. 

The main fluorescence band extends from ‘48 to ‘59 p. At room 
temperature the fluorescence corrected for absorption shows a rather broad 
band with a slight indication of two maxima between ‘51 p and ‘535 p. 
The curve is steeper on the violet side than on the red. With decreasing 
temperature the fluorescence for the most part increases, the maximum 


~ 
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increase being about 100 per cent. The two maxima just mentioned develop 
decidedly, so that at the lowest temperature reached the fluorescence shows 
two narrow overlapping bands, one with a maximum at ‘514 » and the 
other at “633 ». While the steepness of the curve increases on both sides 
of these bands, yet it is much more marked on the violet side, there being 


a slight decrease in fluorescence on that side at the base of the band for the 
lower temperatures. 


DEPARTMENT OF CosmicaL Puysics. 


The following Paper and Report were read :— 


1. Seasonal and Storm Vertical Temperature Gradients. 
By Professor W. J. Humpnreys. 


2. Report on the Present State of our Knowledge of the Upper 
Atmosphere.—See Reports, p. 71. 


WEDNESDAY, SEPTEMBER 1. 


DEPARTMENT OF GENERAL Puysics. 


The following Papers were read :— 


1. The Effect of Temperature Variations on the Luminous Discharge 
in Gases for Low Pressures. By Rost. F. Harwart. 


The apparatus used in this investigation consisted of a small glass bulb, 
in which two parallel electrodes were sealed. These electrodes were 5 mm. 
apart. Suitable tubes permitted the bulb to be evacuated, the pressures 
being measured with a McLeod gauge. 

The bulb was contained in an electric furnace, which could also be used 
as a container for carbon dioxide snow when measurements for discharges 
occurring at low temperatures were taken. 

Potentials required to produce a luminous discharge for pressures vary- 
ing from 0°2 mm. to 5 mm. were made, and for temperatures varying from 
—78° C. to 325° C. The gases operated upon were air, hydrogen, and carbon 
dioxide. 

Potentials required to maintain the luminous discharge under similar 
conditions were also measured. Families of curves showing the effects of 
temperature and pressure for potentials required both to produce and to 
maintain luminous discharge were given. 

They indicate that Paschen’s law holds approximately for the discharge 
in air until temperatures in the neighbourhood of 300° C. are attained. 
Here Paschen’s law does not hold even approximately. The effect of 
temperature variation on the potential required to maintain the discharge 
is much less than for the production of the initial discharge. 


2. Diffraction of Hlectric Waves. 
By Professor H. M. Macponatp, F.R.S. 
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3. The Instantaneous Propagation of a Disturbance in a Dispersive 
Medium, By Dr. T. H. Havenock. 


4. The Relative Motion of the Earth and Aither and the FitzGerald- 
Lorentz Effect. By C. W. CHaMBrruain. 


To explain the negative results of the Michelson-Morley experiment to 
test the relative motion of the Earth and ether FitzGerald and Lorentz 
suggested that the motion of translation of a solid through ether produces 
a contraction in the direction of the drift, with extension transversely, the 
amount of which is proportional to the square of the ratio of the velocities 
of translation and of light. 

Analysis shows that the total effect of the relative motion of Earth and 
ather is a displacement of the interfering rays in the line of sight, and 
at right angles to the line of sight. The displacement in the line of sight 
should have been detected if it was not counteracted by the FitzGerald- 
Lorentz effect. The displacement at right angles to the line of sight does 
not alter the distance of the interfering rays from the focal plane of the 
telescope, and therefore does not shift the interference system seen in the 
interferometer. 

The displacement at right angles to the line of sight, which is not 
counteracted by the FitzGerald-Lorentz effect, should be detected by means 
of the Diffractometer—a combination of an interference system and a diffrac- 
tion grating. It is proposed to produce interference between two rays of 
light which have travelled paths at right angles to each other. The inter- 
fering rays will be received by a diffraction grating. If one of the paths 
of the interference system is made longer than the other, interference fringes 
may be made to appear either in the spectra to the right or to the left, 
when the lines of the gratings are parallel to the interference fringes. If 
the length of path of the interference system is 55 x10’, as in the 
Morley-Miller experiment, and a grating having 30,000 lines to the inch 
is employed, a shift of one interference band may be expected when the 
apparatus is rotated through ninety degrees, 


5. On some New Methods under Trial for Tables of the Moon’s 
Motion. By Professor E. W. Brown, F.R.S. 


6. A Cemented Triple for Spectroscopic Use. 
By Lieut.-Colonel J. W. Girrorp. 


It was my privilege to exhibit at the Dublin Meeting an apochromatic 
triple for astronomical purposes. This objective had an aperture of three 
inches, a focus of 375 inches, and the focal lengths equalised were for 
wave-lengths 7066 (He), 5067 (Pb), and 4678 (Cd). The method of 
obtaining the refractive indices of the glasses used and the formule used 
for calculations have already been described.! | With this objective it was 
difficult to trace any residual colour, the secondary spectrum having been 
very perfectly eliminated, but the ratio of aperture to focus was as great as 
12°5. For spectroscopic purposes a greater light grip is desirable. This was 
obtained by a different combination of glasses, without, however, seriously 
sacrificing the practical coincidence of focus for all wave-lengths. 

The glasses employed were Mantois’s Borosilicate Crown, Schott’s 031393 
Borosilicate Flint, and Schott’s 03187 Baryta Light Flint. The wave- 
lengths equalised for focus were 7682 (Kd), 5607 (Pb), and 4341 (H). 


1 Proc. R.A,.S., vol. lxix. No. 2. 
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With such a combination the ratio of effective aperture to focus reaches 
7°5 as against 12°5 for the astronomical triple above referred to, or, in other 
words, it has nearly three times the light grip. It is likewise free from 
secondary spectrum, but the remaining tertiary spectrum becomes rather 
more prominent when, the mean force having been expanded to 60 feet, 
a focal curve is drawn. For ordinary powers it is still difficult to detect. 

The radii of the spherical surfaces for such a triple are quite moderate, 
viz. : 


Ist surface . ‘ . . e . . » 3961 
2nd and 3rd s e « s e e . . Oo OUL 
4th and 5th a> tos o s . e . 1771 
6th . e s 7 t . « t « 27°174 
and the greatest curvature sum is :— 
1 
Ff _ —5:535 
—— = —-=—9 684. 
pw-1L 0572 pis 


Professor Hastings’s well-known requirements being that no one of the 
curvature sums should exceed 30. All inner surfaces are cemented. 

For spectroscopic purposes two of these triples (respectively for collima- 
tor and telescope) are placed at such a distance apart that their nodal 
planes are coincident, thus forming a symmetrical doublet. 

The lens shown was constructed for me by Messrs. Hilger, Ltd., of 
London. It is in use as a telescope lens, with power of 56 diameters, 
focussed on a test object, a suitable spectroscope not being at hand. Its 
aperture is 14 inch, its focus 114 inches. 

A doublet, designed for deer-stalking, of 15 inch aperture and 84 inches 
focus with a power of 40 diameters was also shown. 


7. On Magnetostriction. By H. G. Dorsny, Ph.D. 


What I wish to present is the result of recent rather exhaustive experi- 
ments on magnetostriction on a series of eight steel rods of known chemical 
contents and tested in different physical conditions. 

I have found that the maximum elongation is a function of the carbon 
content, the curve being similar to a curve in the iron-carbon phase 
diagram ; also that there is a rather definite relation between the maximum 
elongation and the maximum susceptibility of any specimen of iron, and 
the results of other workers seem to fit my curve pretty well, The maximum 
retraction in a given field bears an inverse relation to Young’s modulus. 

I also show that a correction should be applied to the changes in length, 
and that this correction is of the same nature as the correction to be applied 
in magnetic work to correct for the demagnetising effects of the ends of the 
rods. 

The upper and lower limits of my experiments include practically all 
the results fotind in the fifty or more articles published since Joule’s 
discovery of this phenomenon in 1842, and thus tend to unify the rather 
chaotic condition of conflicting experimental results. 


8. The Photographic Registration of Sound Waves. 
By Professor Drayron C. Minuer, D.Sc. 


For the quantitative study of the tone quality of musical instruments it 
seemed necessary to have photographic records of sound-waves which would 
be more accurate and more directly obtained than those heretofore used. 


——, 
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A minute mirror is mounted on a very small cylindrical steel staff which 
is capable of rotation in delicate jewelled bearings. A fibre is attached to 
the centre of a diaphragm, passes around a small pulley on the staff, and is 
kept taut by a spring. When a sound-wave impinges upon the diaphragm 
the mirror is given rotation proportional to the displacement of the 
diaphragm. The moving parts have a mass of less than 3 milligrams, 
and are so designed as to have a minimum moment of inertia. The radius 
of the pulley is 0°3 millimeter, and a moving photographic film is placed at 
such a distance that light reflected from the mirror to the film records the 
movements of the diaphragm magnified 2,000 times. 

The records exhibited showed: simple sine curves from tuning-forks, and 
the combination of these; the separate and combined curves from an organ- 
pipe and a whistle having a frequency of more than 3,000; the curves from 
a flute, and from a bell. The following records of spoken words are 
shown: one record of the words ‘sound-waves,’ one record of the words 
‘Karl Fischer,’ five different records of the word ‘fish,’ and four different 
records of the words ‘Lord Rayleigh.’ The quantitative analysis of such 
records is in progress. 


DEPARTMENT OF CosmicaL PHysics. 


1. The Highest Meteorological Observations in America. 
By Professor A. Lawrence Rotcu. 


Although numerous observations with ballons-sondes, extending to great 
heights above the interior of the American continent, were made by the 
author in 1904-7 at St. Louis,’ such data were not available in the eastern 
United States until last year, the maximum altitude at which the 
temperature was obtained, 7,040 metres, having been reached by kites flown 
from Mount Weather, in Virginia. 

By limiting the duration of the ascensions of the ballons-sondes, they 
were successfully used by the author at Pittsfield, Mass., about 150 miles 
from the Atlantic coast, in May and July, 1908. Three instruments of 
the four sent up were recovered, that on May 7 having an excellent record 
of temperature to a height of 17,700 metres, which exceeds by 650 metres the 
highest ascension at St. Louis. The warm stratum, described in the 
author’s previous paper, was penetrated further than ever before in 
America, the minimum temperature of —545° C. occurring at 12,500 
metres, whereas —45°6° was recorded 3,000 metres higher, the stratum above 
being nearly isothermal, as shown by the spring ascensions at St. Louis. 
The height of the inverting layer and the minimum temperature agreed 
approximately with the averages for May over the interior of this continent. 
Two other ascensions from Pittsfield to 6,100 and 9,700 metres respectively, 
although they did not reach the great inversion, showed the characteristic 
stratification of the atmosphere, with a rise of temperature in the lower 
clouds and an accelerated fall of temperature with increasing height. 


2. The Thermal Structure of the Atmosphere over the British Isles, 
July 27-29, 1908. By Dr. W. N. Saw, F.R.S. 
8. Results of Twenty-five Registering Balloon Ascents from Manchester 
during the period June 2, 7 p.M., to June 3, 7 p.m., 1909. By 
W. A. Harwoop, M.Sc. 


The ascents were made in connection with the work carried on at the 
Howard Estate Observatory on Glossop Moor. The balloons used were of 
thin rubber, filled with hydrogen, and had a free lift of about 300 gm., 


! Report, Dublin Meeting, 1908, p. 594, 
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giving a vertical velocity of ascent of about 3m.p.s. The instiuhents were 
the light meteorographs designed by W. H. Dines, F.R.S., and weighed, 
with the protecting case, about 60 gm. Table I. gives the average tempera- 
ture at different heights deduced from the nineteen records obtained. 


TaBLe I.—Average Temperature at successive Kilometre Levels during the period 


June 2,7 p.M., to June 3,7 P.m., 1909. 


Height. Temperature Height. Temperature 

Kilometres EG: Kilometres are. 
0 11 10 —AT5 
1 3 11 —49 
2 0 12 —47 
3 —4 13 —46 
4 —85 14 —46°5 
5 ~—15 15 —4T5 
6 —22 16 —48°5 
7 —28°5 17 —48 
8 —35 18 —48 
9 —42 


Almost all the balloons fell within a range of 100 km. They were fairly 
uniformly distributed along a line between the points 80 km. N. 56° E. and 
30 km. N., the early ones falling at the former, the later ones at the latter 
point. 

It is seen that the temperature fell rapidly to a height of about 10 km., 
the average gradient being 5°7° C. per kilometre. Above this height there 
was a sharp rise of temperature, but above 12 km. the changes were small. 


TaBLe Il.—Temperature at successive 2-Kilometre Intervals during the period 
June 2,7 P.M., to June 3, 7 P.M., 1909. 


Height in Kilometres 
Time r 
0 2 4 6 8 10 12 14 16 18 
7 rar : 191 | 74 |2o4,|=84. |—e& |—405|—4e-5 | 48 |Sedrel one 
” e ame — =e a = Fa ra —~ Tz oa, a7 
Bre: 109 | —o'5|-9:5 |~93 |-36 |~505|—46 |-47-5|—515| —= 
” 8 . = ren =a =e oe — <= = = = 
Wee oe he ee Aa aah |. gag Lae |oge5 | = 
12 midnight .| — == —= — — = a z= ae as 
Jam. .) 82 | ~4 12:5|=26 |-41 |~s52-5|/-49 |-51 |-525|—525 
Boy 73 | ~2 |-96 |~205|-34 |—46-5|—48-5|—46-6|~48-5|—60 
ae 75 | —1,.|=65. Heats | Se. | 46 |—45 Jl odg eee ae 
6 ian 78 | ~35|—19-5|—24-5|—36-5|—48-5|/-46 |-46-5/—49 |—48-5 
Be ee | | AS a Sa oe oo ee a 
Le 11 | 415/-6 |—20 |~31-5|—44-5|—495|—49 |~44-5|—435 
10 Z 18. | 405/285 |-or |—a95|2455|47 |L4e5 See o) 
12 noon 4 | 415|-55 |-175|-30 |-46 |=45 |49-6| een ae 
PM. « _ —_ — — a —_ — — — —a 
Tigh iets 146 | 41 |~95 |+196|~33 -|—445 |—45-5.|—43-5|4a5 | 45-5 
Bo cee, 147 | 405|-8 |—20 |-34 |~485|—505|—455|—49 |L47-5 
: A i 125 eco joe dies |—a4. |=a7-5l 48 | 50m | eee 
6°. |. P86 OSs lar lBa7" }59-6)| 250 "| 2465 eee 
Ties 6) 1264 LOslSa0h Sos Near 55 | 
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Table II. gives the values obtained at different heights at hourly in- 
tervals. The results itidicate a very considerable diurnal variation of 
temperature even at a height of 10 kin., but the irregularities are too great 
to allow very accurate deductions to be drawn. ‘The fact that the variation 
is similar at all heights up to 10 km., and that solar radiation has no 
appreciable effect on the highly polished instrument at low altitudes, seems 
to point to a real variation, as shown by the curves. On the other hand, 
the increase of the amplitude of the variation with increasing height appears 
to indicate that it is due to insolation. 

During the ascents the region was under the influence of an anticyclonic 
system of moderate intensity, whose centre was situated N.W. of Ireland. 
The pressure distribution changed but slightly during the period considered. 


4. A Balloon Spectrograph. By Professor W. J. Humpnreys. 


5. The Effect of Atmospheric Pressure upon the Harth’s Surface. 
By F. Navisr Denison, F'.R.Met.Soc. 


Since the year 1899 the author has taken up the study of slow-period 
movements of the Milne horizontal pendulum, which has been in constant 
operation here from 1899 to the present time, 

In order to make a thorough investigation of this phenomenon he has 
measured the photographic records from this instrument with a millimetre 
scale, and has noted the amounts and times of occurrence of all changes, 
including the diurnal and longer-period deflections. 

These observations have been entered into a specially designed register, 
and, as they are often of sufficient amplitude to necessitate the resetting of 
the boom by altering the levelling adjustment, they have been corrected to 
form a continuous record. 

By studying the earlier observations with the Victoria daily weather 
charts of the Pacific slope the author became convinced that most of these 
movements were due to meteorological causes. 

A daily curve of the pendulum’s movements for 1899 was plotted, and 
formed the material for a paper, entitled ‘The Seismograph as a Sensitive 
Barometer.’ This was read before the Royal Meteorological Society in 
June 1901. Later in the same year the author personally presented at the 
Glasgow Meeting of the British Association an illustrated paper upon the 
same subject derived from the plotted curves for 1899 and 1900 in con- 
junction with the weather charts of the Pacific slope. 

Acting upon the advice of Sir George Darwin, to obtain more data 
bearing upon this subject, and to install another horizontal pendulum to 
swing N-S, in order to study this direction of tilting in conjunction with 
the ‘Milne’ E-W pendulum, the author has succeeded in keeping a con 
stant record of the K-W movements, and in January 1907 he personally 
constructed a simple form of horizontal pendulum. This is set up on the 
solid rock in the basement of the Victoria Post Office; it swings N-S, and 
is about 500 feet from the E-W instrument. 

The accompanying diagram, which was part of a paper published by 
the Royal Astronomical Society of Canada in 1908, shows the daily move- 
ment of both pendulums, and the mean daily temperature from February, 
1907, to January 31, 1908. 

The upper curve represents the movements of the E-W pendulum, 
whose period of vibration is fifteen seconds and its angular value 0°76. The 
intermediate curve shows the N-S movement, which, having a ten-minute 
period of vibration, is not so sensitive as the former instrument. The lower 
curve gives the mean daily temperature. 

There is a remarkable correspondence between the two pendulum curves— 
that is, when the E-W pendulum swings towards the west the N-S one 

1909. EB 
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moves towards the north, and when the easterly movement is pronounced 
the other instrument travels to the southward. 

Since the publication of these curves the author has succeeded in plotting 
a continuous daily record of the E-W pendulum from January 1, 1899, 
to December 31, 1908, a period of ten years, and has also made monthly and 
yearly tables therefrom. 

The following information has been gathered from the ten years’ study 
of this interesting subject :— 

The movements of these pendulums demonstrate a tilting of the earth’s 
surface in the direction where the atmospheric pressure is the greatest. For 
example, when the air pressure is greatest from California north-eastward 
to the Canadian prairie provinces, and lowest over British Columbia and 
the adjacent ocean, one pendulum swings towards the east and the other to 
the south. 

These movements are greatest during the stormy months of winter and 
least in summer, when the changes of air pressure are small throughout the 
Pacific slope. 

These pendulums often commence and continue to swing in a certain 
direction hours, and sometimes more than a day, before the barometers 
along the Pacific coast indicate the approach of great cyclonic and anti- 
cyclonic areas from the ocean. 

To arrive at the true connection of these pendulum movements and 
changes of air pressure, the former must be studied with the weather charts 
covering areas of from one to two thousand miles in extent, otherwise the 
local atmospheric conditions may appear to cause a tilting contrary to 
that indicated by the instruments. 

The loading of the Pacific slope during the winter months by heavy 
rains on the lower lands and vast quantities of snow upon the great 
mountain ranges of the interior may account for a small proportion of the 
easterly tilting. The ten years’ curves clearly demonstrate, however, that 
pronounced westerly swings occur when vast areas of high barometric pres- 
sure approach from the westward. 

The loading effect upon the coast due to a tidal action is only noticeable 
upon the records when little differences of air pressure prevail and during 
great tidal ranges. The remarkable absence of the tidal action is probably 
due to these instruments being situated upon the south end of Vancouver 
Island, where a fairly equal rise and fall of the tide occurs upon both sides 
of the island at about the same time. 

The diurnal range of a westerly swing in the morning and an eastward 
one in the evening is most marked during fine weather, and least when the 
weather is overcast. 

In order to obtain similar observations at other portions of the Pacific 
slope the author is pleased to state that Mr. T, 8. Shearman, our meteoro- 
logical observer at Vancouver, has at his own expense constructed two 
horizontal pendulums, and will shortly furnish daily readings from these 
instruments. 

Through the courtesy of the Chief Engineer of the Grand Trunk Pacific 
Company, of Prince Rupert, another instrument will shortly be installed 
there, and daily observations taken. 

Mr. T. R. Stockett, manager of a large coal mine at Nanaimo, has 
kindly consented to allow the author to install two instruments, one upon 
the surface and another 1200 feet below in this mine, and will furnish daily 
readings from them. ; 

These instruments the author is now personally constructing, and hopes 
to have all in operation before the great winter movements commence. 

In conclusion it is respectfully suggested that this subject be more fully 
studied by a special committee both upon this continent and at all stations 
where the Milne seismographs are installed. : 

EE 
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Section B.—CHEMISTRY. 


PRESIDENT OF THE SECTION: 
Professor H. E. Armstrone, Ph.D., LL.D., F.R.S. 


THURSDAY, AUGUST 26. 


The President delivered the following Address :— 


Ir is rccorded that after saying, on a certain occasion, ‘I shall not often 
give arguments but frequently opinions—I trust, with courtesy and pro- 
priety, etc.,’? a professor of world-wide reputation remarked, ‘A man’s 
opinions, look you, are generally of much more value than his arguments. 
These last are made by his brain and perhaps he does not believe the 
proposition they tend to prove—as is often the case with paid lawyers ; 
but opinions are formed by our whole nature—brain, heart, instinct, brute 
life, everything all our experience has shaped for us by contact with the 
whole circle of our being.’ 

Of his many charming utterances at the breakfast table, I would select 
this as one of the most noteworthy and just withal. Chemists especially 
need to take both opinions and feelings as well as arguments into account to 
appreciate more fully, perhaps, than is now customary the need of culti- 
vating and giving expression to that state of mind which is the main quali- 
fication of the expert—the state of mind which, let me insist, in the case 
of the chemist, is only to be acquired by constantly associating with and 
constantly handling substances in being and in the making, by constantly 
striving to become acquainted with their innermost nature and idiosyncrasies. 
It is safe to say that much of the subject-matter of our science cannot yet be 
quantified and probably never will be; 1t is even easy to overrate the value of 
quantitative measurements, as the processes studied, more often than not, 
are involved operations that can only with difficulty, if at all, be resolved 
into their factors. 

After an interval only a year short of a quarter of a century, it is my 
privilege again to occupy the chair of this Section and that, too, under con- 
ditions of special significance. The British Association has never before 
sought to carry the banner of science so far west into British Dominions— 
never before was it so clear that the progress of humanity is linked with the 
progress of science by an indissoluble bond: science defined in a word being 
knowledge; yet not mere word nor mere lip knowledge but systematised 
established knowledge—not assumed knowledge, although hypothesis often 
serves to guide inquiry and truth is arrived at only gradually and slowly 
by a series of rough approximations. Moreover, science is true knowledge 
of every kind—there is too often a tendency to give a narrow interpretation 
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of the word. One reason probably why the word does not produce any proper 
effect upon the average British ear is that it is not an English term but a 
mere adaptation from the Latin—a language which apparently cannot be 
engrafted upon our Saxon tissues; although, perhaps, it may be that we 
have so little feeling for it because we have been allowed to learn so little 
else in our higher schools: monotony of diet ever favours diminutive growth. 
Germans, I always feel, enjoy a great advantage over us in possessing the 
popular word Wissenschaft—in calling science the business of knowing, the 
business of gaining wisdom, of being wise. 

Coming as we do to Canada to advocate such a cause: to direct attention 
to the principles on which alone such a business can be learnt and con- 
ducted with profit—surely we may count on meeting with the support of 
the public at large; it is this we desire and claim—not merely the support 
of a few specialists; moreover, we do not ask for it in any way as a favour 
but practically demand it as a right—in no way, however, on personal 
grounds or with any display of arrogance but because we are persuaded 
that our message is of such infinite importance to the well-being of the 
community that it is our clear duty to make it of avail. Here it is that 
opinion, not argument, must count: the language of science is and must 
remain, in many ways, a strange one to the public; we must therefore ask 
that they entrust us with their confidence and allow themselves to be 
guided by the experience we have gained. We must be as the prophets of 
old: regardless of consequences, we must insist on the overthrow of the idols 
which a narrow priesthood still attempts to force upon society. We need 
always remember that, as my good friend the Professor expresses it— 
‘Man is an idolater or symbol-worshipper by nature, which, of course, 
is no fault of his; but sooner or later all his local and temporary symbols 
must be ground to powder, like the golden calf—-word-images as well as 
metal and wooden ones.’ It is, as he says, ‘ Rough work, Iconoclasm—but 
the only way to get at Truth.’ 

Naturally I am constrained, on the present occasion, to take stock of 
the position of our science—to draw a comparison between the condition of 
affairs chemical when we met in Aberdeen in 1885 and their present state. 
No like period of human history has been more fruitful of advance; at 
the same time, no period illustrates more clearly the difficulties that lie in 
the path of progress—because of the innate conservatism proper to human 
nature. 

It was my privilege in 1885 to discuss a variety of problems which then 
seemed to be of special importance in relation to the subject of Chemical 
Change, our main province of study. I find the same problems dominant 
now—still unsolved but yet nearer solution. The history of progress, of 
discovery, during the intervening period is wonderfully rich in incident 
—how rich perhaps few realise, as it is obscured by a mass of blinding 
detail. If I attempt to bring some of the scattered threads together and in 
so doing dare to paint a picture which here and there may be startling in 
its outlines and implications; if I venture to follow the example set by one 
who has appeared as an autocrat as well as a professor and sometimes 
give my naked opinions: it will, I trust, be understood that I do so con- 
scious that the sketch I am presenting must be full of the faults to which 
all such attempts are subject. 

In my previous address two very different topics were considered—the 
Educational Outlook and the Theory of Chemical Change. In dealing with 
the former, I drew special attention to the need of creating an atmosphere 
of research in our colleges—then to the faulty curriculum of our schools and 
the need of introducing reforms into practically every branch of education, 
especially medical education. In the interval, considerable progress has 
been made by way of forming plans for the future, even a foundation stone 
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or two has been put in place, although scarcely ‘ well and truly laid ’—but 
the actual buildings are barely marked out. In point of fact, the needs to 
which I called attention in 1885 are our present and now most urgent needs. 
But of this more subsequently. 


In discussing chemical action, I commented on our failure to arrive at 
any understanding as to the conditions which determine the occurrence of 
chemical change—a failure all the more remarkable in view of the clearness 
of Faraday’s early teaching. Basing my remarks on the thesis which he pro- 
pounded in 1834 that the forces termed electricity and chemical affinity 
are one and the same, I discussed current views on electrolysis and arrived 
at a conclusion entirely adverse to the explanation put forward by Clausius 
that the conductivity of electrolytes was conditioned by the presence of a 
small proportion of separate ions; this was at a time when the views of 
Arrhenius were not yet spread abroad, although they had been communi- 
cated to the Swedish Academy ; I knew of them only from Ostwald. In 
justice to the attitude of complete antagonism which I have always main- 
tained towards the speculations of the Arrhenius-Ostwald school, I may 
point out here that in drawing attention to the views expressed by 
Arrhenius and Ostwald as to the correlation of chemical with electrolytic 
activity (and I was the first English writer who called attention to them), 
I took occasion to say: ‘ There cannot be a doubt that these investigations 
are of the very highest importance.’ In the interval, Ostwald has charged 
his test-tubes with ink instead of with chemical agents and by means of a 
too facile pen has enticed chemists the world over into becoming adherents 
of the cult of ionic dissociation—a cult the advance of which may well be 
ranked with that of Christian science, so implicit has been the faith of its 
adherents in the doctrines laid down for them, so extreme and narrow the 
views of its advocates. At last, however, the criticism which has been far 
too long delayed is being brought to bear and the absurdity of not a few 
of the propositions which the faith entails is being made evident ; it is to 
be hoped that we shall soon enter on a period in which common sense will 
prevail once more; that ere long an agreement will be arrived at both 
as to the nature of chemical change in general'and as to the conditions 
which determine it. The lesson we shall have learnt will be one of no slight 
import, if it but teach us the ever-present need of questioning our grounds 
of belief, if it serve to bring home to us the danger of uncontrolled literary 
propagandism in science, if it but cause us always to be on our guard 
against the intrusion of authority and of dogmatism into our speculations. 


Before attempting to deal with any of the problems which concerned us 
at Aberdeen I will first briefly pass the more salient features of advance 
in review. Few probably are aware how extraordinary is the command 
we now have of our subject. In 1885, in defending the tendency of chemists 
to devote themselves to the chemistry of carbon, I could speak of the great 
outcome of their labours as being the establishment of the doctrine of 
structure. Everything that has happened in the interval is in support of 
this contention. It is interesting that in a recent lecture* on the Physical 
Aspect of the Atomic Theory, the most prominent living exponent of 
physical theories has given a not unwelcome recognition of our right- 
mindedness in saying: ‘As time goes on it becomes increasingly difficult 
to resist the direct evidence for the simple view that, in many cases, 
chemical combination is not so much a fusion or intermingling of the 
combining atomic structures as rather an arrangement of them alongside 
one another under steady cohesive affinity, the properties of each being 


1 The Wilde Lecture, 1908. By Professor Larmor, Sec.. R.S., Manchester 
Literary and Philosophical Society Memoirs. 
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somewhat modified, though not essentially, by the attachment of the others; 
and that the space formule of chemistry have more than analogical 
significance.’ And again in the following passage, in which a far-reaching 
confession is made: ‘The aim of structural chemistry must go much 
deeper (than dynamical methods of treatment); and we have found it 
difficult, on the physical evidence, to gainsay the conclusion that the 
molecular architecture represented by stereo-chemical formule has a 
significance which passes beyond merely analogical representation and 
that our dynamical views must so far as possible be adapted to it.’ The 
remark made by Helmholtz in one of his letters, ‘that organic chemistry 
progresses steadily but in a manner which, from the physical standpoint, 
appears not to be quite rational,’ must be regarded as little more than a 
confession that he was out of his depth. When properly understood, 
nothing could be more rational and logical than the way in which our 
theory of structure has been gradually built up on an impregnable basis 
of fact, with the aid of the very simple conceptions of valency postulated 
by Frankland and Kekulé. Our security lies in the fact that the postulates 
of our theory have been tested in an almost infinite variety of cases and 
never found wanting; this is not to say they are applicable in all cases, 
but merely that whenever we are in a position to apply them we can do so 
without hesitation. Larmor refers to the habit of physicists of taking 
comfort in Helmholtz’s remark ; it will be well if instead they make them- 
selves acquainted with our methods and with the results we have won, with 
a minimum of speculative effort, by the cultivation of an instinct or sense 
of feeling which experience shows to be an effective guide to action. Now 
that physical inquiry is largely chemical, now that physicists are regular 
excursionists into our territory, it is essential that our methods and our 
eriteria should be understood by them. I make this remark advisedly, as it 
appears to me that, of late years, while affecting almost to dictate a policy to 
us, physicists have taken less and less pains to make themselves acquainted 
with the subject-matter of chemistry, especially with our methods of arriving 
at the root-conceptions of structure and of properties as conditioned by 
structure. It is a serious matter that chemistry should be so neglected by 
physicists and that the votaries of the two sciences should be brought so little 
into communion. 


The central luminary of our system, let me insist, is the element carbon. 
The constancy of this element—the firmness of its affections and affinities— 
distinguishes it from all others. It is only when its attributes are under- 
stood that it is possible to frame any proper picture of the possibilities which 
lie before us, of the place of our science in the Cosmos. As Longfellow 
sings of the sea in his poem ‘ The Secret of the Sea,’ ‘ Only those who brave 
its dangers comprehend its mystery ’—only those who are truly conversant 
with the root conceptions of organic chemistry are in a position to attempt 
the interpretation of the problems of our science as a whole or even to 
understand the framework upon which it is built up. And yet we continue 
to withhold the knowledge of the properties of carbon from students until 
a late period of their development ; indeed, when I insisted recently that - 
organic and inorganic chemistry should be taught as one subject to medical 
students,’ I was told that it could not be; that the attempt had been made 
with disastrous consequences. I trust that ere long the futility of such an 
attitude will be generally realised. 

It is remarkable how much our conceptions are now guided by geo- 
metrical considerations. The development by van’t Hoff of the Pasteur 
hypothesis of geometrical asymmetry has been attended with far-reaching 


**The Reform of the Medical Curriculum,’—Science Progress, January and 
April 1907, 
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consequences during the period under review, the completeness with which 
the fundamental properties of the carbon atom are symbolised by a regular 
tetrahedron being altogether astounding. 

Our present conception is that the carbon atom has tetrahedral properties 
in the sense that it has four affinities which operate practically in the 
direction of the four radii proceeding from the centre towards the four 
solid angles of a regular tetrahedron. 

More than analogical significance—to use Larmor’s expression—must 
be accorded to this symbol on account of its remarkable accordance with 
the facts generally, whether derived from the study of asymmetric optically 
active substances or from observation of the activity of ring structures of 
various degrees of complexity. Nothing is more surprising than the com- 
pleteness with which the vast array of facts included in organic chemistry 
may be ordered by reference to the tetrahedral model. In the future, when 
our civilisation is gone the way of all civilisations and strangers dig on 
the sites of our ruined cities for signs of our life, they will find the 
tetrahedron and the benzene hexagon among the mystic symbols which they 
have difficulty in interpreting ; if, like the ancient Egyptians, we made our 
tombs records of our wisdom, such symbols would long since have acquired 
sacred significance and probably the public would have learnt to regard them 
with awe and to respect them as totems. Chemists might at least wear them 
on aprons in imitation of the Freemasons; perhaps no two other symbols 
have so great a significance—they reach into life itself. 

It would seem that carbon has properties which are altogether special, 
the influence which it exercises upon other elements in depriving them of 
their activity is so remarkable. In their recent discussion of the relation 
of crystalline form to structure, in which valency is represented as a 
function of the volume sphere of influence exercised by an element, Barlow 
and Pope arrive at the remarkable conclusion that carbon is probably the 
only element the atom of which has a volume sphere of influence four 
times that of the hydrogen atom; although it combines with four atoms 
of hydrogen, silicon apparently has only half the volume sphere of influence 
of carbon. This may, in a measure, account for the very great dissimi- 
larity in behaviour of the two elements, which is most pronounced in their 
oxides, the single atom of carbon all but dominating two atoms of oxygen 
in carbon dioxide (which is consequently gaseous), whilst the atom of 
silicon in silicon dioxide in no way eclipses the two atoms with which it is 
associated but leaves both charged with residual affinity which enables 
them to form complex collocations of remarkable fixity in the fire. At 
bottom the differences between organic and inorganic nature are to be 
regarded as very largely the expression of this difference. Ropes of sand 
are proverbially treacherous: yet without sand, if silica had been a gaseous 
substance, our world might have worn a strangely different aspect.’ 


1The solid model of silica which Barlow and Pope have constructed has 
very remarkable attributes, in that the oxygen atoms appear to be uniformly 
related and in intercommunication throughout its mass : so that a mass of silica, 
whatever its size, may almost be regarded as a single molecular complex. <A 
similar view may be taken of plastic metals such as those of the platinum group, 
gold, silver and copper. Whether when rendered brittle by association with 
small amounts of impurity these are resolved into simpler molecular complexes 
or whether the molecules merely become separated by substances which promote 
discontinuity and brittleness, it is impossible to say at present. The cauge of 
hardness in mineral materials is, however, a question of no slight interest and 
importance. The property is strikingly exemplified in the diamond. It is 
difficult to understand the intense hardness of this material, on the assumption 
that the diamond is composed of paraffinoid carbon—that is to say, carbon with 
al] its affinities satisfied. At present we appear to have no clue to the manner 
in which affinity acts in promoting the formation of such solids. But it is 
obvious that all solids are possessed of some degree of ‘surface affinity,’ as 
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The mineral world apparently owes its rigidity to the fact that the 
metals and certain other elements are so imperfectly capable of dominating 
oxygen that oxides generally polymerise with great readiness, giving rise 
to substances which do not even fuse easily. The organic, on the other 
hand, appears to be plastic by reason of the close approach to neutrality 
which is conditioned by association with carbon, 


Nothing is more striking than the remarkable diversity of properties 
manifest both in the materials which at present we are content to call 
elements and in the compounds formed by their interaction ; the range of 
variation met with in the case of the compounds of carbon with hydrogen 
and oxygen alone is almost infinite. We are almost compelled to attribute 
this diversity more to differences in the complexity and structure of the 
molecules than to differences in their material composition. The chemist, of 
necessity, must be a dreamer, knowing as he does that things are not as 
they seem to be. But this is not sufficiently remembered ; indeed, students 
are systematically trained up in an atmosphere of pretence. The beginner 
is allowed to regard elementary oxygen, for example, as a colourless gas 
which is generally harmless until things are presented to it in a more or 
less heated condition, whereat it takes umbrage and burns them up. He 
would regard elementary carbon as a soft black substance which if smeared 
on the face of the white man makes him look like a nigger, were it not 
that he also learns that at times it is the hardest and whitest substance 
known; of organic chemistry, which alone can give him honest ideas of 
carbon, he is not allowed to hear as I have said. The sting of awakening 
conscience is salved by the introduction of a long Greek word when he is told 
that the two substances, soot and diamond, are allotropic forms of the 
element carbon ; nevertheless he regards them both as elementary carbon. 
Gradually, perhaps, he awakens to a sense of the wrong that he has suffered 
at the hands of his teachers, as he realises that from no one substance can 
- he gather what the properties of an element are, that after all the elemen- 
tary substance is but an ideal—in other words, a mere concept. If appre- 
ciative, he then learns to think of the blandness of water, the sweetness 
of sugar, the sourness of vinegar, the causticity of soda, indeed of every 
distinctive property of every known oxygen compound as more or less 
a property of, more or less conditioned by, the element oxygen: he is 
brought back, in fact, to the position from which Lavoisier started, as he 
realises that the oxygen gas which he inhales is not elementary oxygen; 
he can then perhaps appreciate the wonderful acumen which this greatest 
of chemical philosophers displayed when he wrote: ‘Nous avons donné & 
la base de la portion respirable de l’air le nom d’oxygéne en le derivant de 
deux mots grecs d&vs, acide, yeivoua, j’engendre, parce qu’en effet une des 
propriétés les plus générales de cette base est de former des acides en se 
combinant avec la plupart des substances. Nous appellerons donc gaz 
oxygene la réunion de cette base avec le calorique.’ We have allowed a 
century to pass without recognising the wonderfully accurate powers of 
prevision displayed by Lavoisier ; what is worse, we have been so far led 
astray that instead of regarding oxygen as the characteristic and attractive 
element in acids, hydrogen has been allowed to usurp the position: the 
extent to which the cult of the hydrogen ion now dominates the text-books 


they not only grow when placed in solutions but determine the separation of 
solids from solutions at a degree of saturation which is often considerably below 
that at which the solution is actually saturated with the substance; and such 
surface affinity, moreover, is selective, as the determinative effect is exercised 
only upon the substance itself or substances isomorphous with it—although 
exception must be made in favour of water, which all surfaces appear to attract. 
Sir James Dewar’s observations on the condensation of gases by charcoal at low 
temperatures afford most striking illustrations of surface affinity. 
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is well known; in days to come, when the history of our times is written, 
it will be referred to as a remarkable example of chemical shortsightedness. 
Names are needed for the elements which would serve to distinguish the 
ideal elementary substances from the forms in which they are known to us. 
No more appropriate name than oxygen could possibly be selected for the 
fundamental material; if the gen terminal could be applied to elemen- 
tary materials generally, it would be an-advantage ; it would not be easy, 
however, if this were done, to devise an appropriate separate name 
applicable to the active constituent of air.’ 
In 1885 I closed my address with a reference to the structure of the 


* In naming the inert gas in air, which he ultimately termed azotic gas, 
having proposed the name azote for the element, Lavoisier had in view as 
alternatives the terms alcaligen and nitrogen. As there was no proof that the 
element was a constituent of alkalies other than ammonia, he rejected the former 
name on the ground that it might convey too broad an impression; in course of 
time the latter is become the popular name, except in France, where motives of 
piety have prevailed; but the French practice has been justified by the universal 
use of the term azo in connexion with many nitrogen derivatives. 

Had Lavoisier realised that the alkalies and basic oxides generally owe their 
basicity to oxygen as much as acids and acidic oxides generally owe their acidity 
to oxygen—the one being oxygen tempered by metal, the other oxygen tempered 
by non-metal—as the number of basic oxides far outweighs the number of acidic 
oxides, he might well have chosen the name alcaligen rather than oxygen. The 
choice he made was a particularly happy one and striking evidence of his genius 
and sense of euphony—for oxygen is par excellence the acid-forming element 
and is most truly called sowr-stuff, the stuff of which sour tgings are made: 
whatever the properties of the initial oxide of a series, as the proportion of 
oxygen is increased, the acidic qualities are invariably strengthened. 

The choice of a terminal connoting the elementary radicles which would be 
applicable generally and also acceptable is very difficult. If usage do not forbid 
change, probably our ears will decline to allow us to be systematic. The terminal 
gen is not applicable to many present names. In the interest of euphony, excep- 
tion may be taken to the adoption of ion as a final syllable. In English ears most 
of the words with this ending have an ugly sound if pronounced so as to make 
it significant; moreover, our object is to secure a term which is applicable to the 
elementary material, whatever its state; the term ion is suggestive of a particular 
state—a state of chemical activity; and at present there is no agreement as to 
the nature of an ion. The terms atom, radicle (simple and compound), ion and 
molecule now all have their separate meaning and value and are indispensable. 

The only terminal which seems in any way likely to be generally satisfactory 
in use is the terminal yl, which is already applied to organic radicles ; its use might 
well be extended to radicles generally. 

I may add here that it is unfortunate that certain disturbers of the peace have 
advocated of late a reversion to the spelling radical, mainly on the ground that the 
term is of French origin and was thus spelt originally. But'there is no reason 
to give a French spelling to a word when it becomes English; and the genius of 
our language is against the proposal, apart from the fact that it introduces 
unnecessary confusion. We make clear distinction between principal and prin- 
ciple; it is most desirable, in like manner, to distinguish between radical and 
radicle ; the latter is in harmony with particle and participle and being suggestive 
of a rootlet, it is eminently significant. Radical is almost misleading, as a radical 
in these days is apparently one whose tendency is to go to extremes while 
contemplating the surface only instead of going to the root of things. 

It would be to the advantage of students also if we were far more systematic 
in our use of formule as well as in matters of nomenclature. At present 
no proper distinction is made between empirical and molecular formule in the 
case of the elements. Notwithstanding that we acknowledge our indebtedness to 
Avogadro and to Canizzaro his prophet, it is still not unusual to find gaseous 
hydrogen represented by the symbol H and gaseous oxygen by the symbol O; the 
text-books generally pay little heed to such matters. We are far too careless of 
consequences in our teaching and do not sufficiently appreciate the value of 
system and ritual. If it were made the practice to represent molecular formule 
in some special manner—by Clarendon or thick type, for example—attention 
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elements which implied that their behaviour was that of compound sub- 
stances; the feeling that this is the case has long been general among 
chemists. Our present attitude towards this problem is a curious one and 
not altogether satisfactory—it is impossible to deny that we have somewhat 
lost sense of proportion, even if our methods have not savoured of the 
unscientific. The discovery of radium appears to have upset our balance— 
we have been carried away by the altogether mysterious and unprecedented 
behaviour of this weird and wondrous substance. But may we not ask: Is 
radium an element? Has it not been too generally, too hastily assumed 
that it is? Little as we know of it, does not its behaviour straightway out- 
class it as an element? Surely it does! Is not the established fact that an 
emanation proceeds from it, which in turn decomposes and gives rise to 
helium, a proof of its compound nature? Again, is the evidence of such a 
character as to justify us in asserting that uranium is the parent of radium % 
If it be such, must not uranium also disappear from the list of elements ; 
must it not indeed be removed on the ground that it gives rise to uranium—« 
without any reference to its supposed relationship to radium ? 

The answers given to such questions must depend on our definition of an 
element. At present we seem to be without one. 

The conception that the break-down of radium is spontaneous and apart 
from all external impulse or control is also one which should be received 
with caution. There is reason to suppose that in all ordinary cases in which 
compounds undergo decomposition spontaneously, the decomposition is con- 
ditioned by an impurity ; the effect, moreover, is usually cumulative. This 
is true of highly explosive substances, such as chloride of nitrogen and gun- 
cotton, for example. It might be supposed that something similar would 
happen in the case of radium—but apparently such is not the case; it 
is assumed that occasionally a molecule explodes spontaneously, not only 
without being incited thereto but also without in any way affecting its 
neighbours. 

The alternative explanation that radium in some way acts as a receiver, 


would then be called to the fact that in the majority of cases the substances used 
are of unknown molecular composition. 

If a student see sodium chloride always represented as NaCl or, what is worse, 
in accordance with a growing evil custom, learn to speak of it as Wn-ay-cee-el, 
it becomes difficult to persuade him that probably such a formula is a misleading 
expression—at all events, in no way the expression of known fact. Nothing 
could be worse than the tendency which is coming over us to speak of substances 
in terms of their formule instead of by name. It is difficult to understand what 
can be gained by referring, for example, to’carbon dioxide as C'ce-oh-too. Such 
vulgarisms and also the substitution of formule for written or printed names 
should be discountenanced on every possible occasion. 

The reproach is not unfrequently levelled at us that scientific workers lack 
literary style and that they do not take sufficient pains in describing their work 
clearly and concisely—too often with justice. At all events, as the complaint 
has been made from the Chair at several recent anniversary meetings of the Royal 
Society, some notice should be taken of it.* 

Solecisms are only too abundant in our literature. It is sheer carelessness 
to speak of compounds ‘adding’ this or that, instead of saying that they combine 
with it; the statement that a substance ‘analyses’ is inexcusable. The use of 
such expressions is proof that no thought has been exercised in writing. 

An old writer has expressed an eternal truth in saying: ‘All soche Authors 
as be fullest of good matter and right judgement in doctrine be likewise always 
pen proper in wordes, most apte in sentence, most plain and pure in uttering 
the same.’ 
ee ERR 8 ee es eeeenee eerie Serre eS 


2 Complaint is made even in Germany. Compare von Lippmann: ‘ Ueber 
den Stil in den deutschen chemischen Zeitschriften,’ Chemiker-Zeitung, May 6, 
1909, p. 489. 


428 TRANSACTIONS OF SECTION B. 


transforming energy from some external source to which ordinary substances 
fail to respond and being thereby stimulated to decompose, is at present 
out of favour, although perhaps more in accordance with its peculiar 
behaviour. * 

The liberation of helium as a product of radio-active change is in itself a 
significant fact, in view of the possibility that helium may be an element 
of intense activity. Nothing in connexion with the problem is more sur- 
prising, however, than the apparent production, in course of time, of a 
whole series of degradation products which differ greatly in stability—such 
behaviour is.entirely without precedent and not at all becoming in elements. 

No such remarkable and inspiring problem has ever before been offered 
for solution. Wecan only wonder at the results and admire the genius which 
some have displayed in interpreting them, Rutherford in particular. Yet 
outsiders may well hold judgment in suspense for the present: whilst it 
is permitted to workers to make use of hypothesis in every possible way in 
extending inquiry, the public are in no wise called upon to accept such 
hypothesis as fact. 

But apart from the suggestion that elements may give rise to others 
spontaneously, we have been entertained of late with stories of elements 
being converted into others under the influence of the energy let loose by 
the breakdown of radium. There is reason, however, to suppose that the 
powers of radium may have been greatly overpainted ; energy of almost any 
degree of intensity in the form of high tension electricity is now at our 
disposal and the effect which radium produces on living tissues, glass, &c., 
is of the same character as that effected by the Réntgen ray discharge, the 
only difference being that the effect is produced somewhat more rapidly ; 
it is not to be imagined, therefore, that the discovery of radium has put 
any very novel intensity of power into our hands. 

It is right that the public should understand that the statements pub- 
lished have been based on preliminary observations which lack verification, 
such as would never have been divulged in days gone by when a sterner sense 
of duty pervaded our ranks. Until the elementary nature of radium has 
been placed beyond question, we must hold judgment in suspense even as to 
the possibility of ‘elements’ undergoing decomposition ‘ spontaneously ’ ; 
at present, the possibility of elements being decomposed or transmuted by 
means of radium need not be entertained until evidence is forthcoming of 
a more convincing character than that with which we have been favoured. 

We have been living in a time of sensational discovery—in a period 
when advertisement is favoured and the desire for notoriety rampant. 
Unhappily that caution which appeared to be regarded as a priceless 


1 T may here put on record the opinion Lord Kelvin expressed on this question 
in a letter to me dated September 13, 1906 :— 

‘Ever since, nearly four years ago, we heard of the hundred calories per hour 
given out by radium, I have had on my mind the question of some possible 
mechanism such as that which you suggest by which energy from surrounding 
matter (far or near) could automatically come into radium to supply the energy of 
the heat which it gives out. The more I think of the question the less I see of 
that possibility. At present I can see nothing else than that the energy given out is 
taken from a previously existing store of potential energy of repulsive force be- 
tween separable constituents of radium. 

‘The ‘disintegration of the radium atom”’ is wantonly nonsensical. It is 
nonsense very misleading and mystifying to the general public, because, if what 
is at present called radium can be broken into parts, it is not an atom. 

‘“ Energy of an atom ’’ implies a thorough misunderstanding of the meaning 
of the word energy, which is capacity for doing work. 

‘T admire most sincerely and highly the energy of the workers in Radioactivity 
and the splendid experimental results which they have already got by resourceful 
and inventive experimental skill and laborious devotion. I feel sure that as things 
are going on we shall rapidly learn more and more of the real truth about radium.’ 
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prerogative of the scientific worker in the earlier part of the last century, 
of which Faraday was so pre-eminent an exponent, is no longer our recog- 
nised watchword. I fear I am one of those who are old-fashioned enough to 
lament the way in which our claim to be safe and honest guides of public 
opinion is being endangered—who lament the manner in which the reputa- 
tion of scientific workers is likely to be besmirched if we do not see the evil 
of our ways and mend them. It is impossible to avoid noticing how the 
cancer grows—how the example is spreading among the younger men and 
loose habits of work and thought are being engendered. I know that not a 
few who have laboured steadfastly and seriously in an old-fashioned, exact 
and painstaking way, have been deeply hurt by the manner in which their 
efforts fail to meet with encouragement whilst those who have thrown 
caution to the winds are favoured; the feeling is beginning to arise 
that only sensational discovery is appreciated by the public. We need to 
return to the healthy times when fearless and frank criticism of all work 
was deemed desirable. We cannot substantiate the claims that are made on 
behalf of science unless our own attitude be above reproach—unless we are 
both logical and philosophical—unless we remain the sternest advocates of 
truth in its most rigid form. 


I pass to the consideration of the classification of the elements. The 
recognition of certain properties, the association of certain ideals with the 
several elements, is a necessary step in classifying the elements in accord- 
ance with Mendelejeff’s great generalisation—or rather it may be said to be 
both involved in and an outcome of Mendelejeff’s conception. 

Until recently our difficulty was to understand the relationship of the 
metallic and the non-metallic elements ; now we are confronted with another 
problem—-that of the existence of inert ‘ paraffinoid’ elements. It is com- 
monly assumed that these are monatomic but the evidence on which this 
assumption is based is absolutely unconvincing and would be generally 
admitted to be so were we in the habit of looking before we leapt to con- 
clusions. Assuming that the elements are compounds, the formation of 
inert compounds does not appear to be out of place, in view of the existence 
of practically inert hydrocarbons. But on the other hand, in view of the 
properties of nitrogen, which is one of the most active of substances in the 
monatomic state, although an inert gas in the diatomic condition, it may 
well be that the inertness of helium and the other members of the argon 
group is also simulated. Sir James Dewar’s observations have shown that 
helium and charcoal have no inconsiderable affinity at the boiling point of 
the former, which is within five degrees of the absolute zero, the molecular 
heat of absorption (apart from that due to liquefaction) of helium at that 
temperature being apparently as high as about sixty calories. The proof he 
has given that helium alone does not convey an electric discharge is also 
of significance since the passage of a discharge through it under ordinary: 
conditions is an indication that it can be included with other substances in 
a conducting system. Such evidence as there is therefore points to the 
elements under discussion being different from the others only in the degree 
of stability of their molecules. 

Of late years the difficulty of classifying the elements has been increased 
rather than diminished, not merely because of the discovery of the inert 
gases but also on account of the apparent impossibility of ordering the posi- 
tion of an element such as tellurium in accordance with its atomic weight. 
There appears to be little room left for doubt that the value cannot be far 
removed from that of iodine; it should be considerably lower. It may be 
pointed out that the accepted value of selenium is closer to that of bromine 
than would be expected if a relationship were maintained corresponding to 
that between chlorine and sulphur. It would seem that Mendelejeff’s original 
conception of the elements as a simple series in which the properties are 
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periodic functions of the atomic weights must be abandoned in favour of 
some more comprehensive scheme. From the chemist’s point of view, it is 
impossible to abandon the guiding principle underlying the arrangement in 
family groups, which dates back to Dumas; perhaps insufficient attention 
has been paid in the past to the maintenance of this principle. 

Taking this principle into account it is impossible to arrange a long 
series of elements such as the rare earths continuously in order of atomic 
weight, as they would be brought into every family in the table by such a 
procedure ; the difficulty has been got over by Brauner, who has proposed 
to arrange a large number of the rare earths in a single vertical series under 
barium. Biltz has made a similar proposal. 

The principle had been advocated by me previously in an article written 
for the ‘ Encyclopedia Britannica.’ * 

In the arrangement I have proposed, it is not only assumed that there 
may be as many as sixteen vertical series of elements of which the elements 
from hydrogen to oxygen are initial terms, some series being at present un- 
represented, it is also suggested that groups of elements occur in perhaps 
four of these series, numbers 4, 8, 12 and 16, the largest being that of the 
so-called rare earths in series 8. 

The principle which is assumed to be in operation is that which is so 
clearly manifest in the case of hydrocarbons: successive vertical series of 
elements correspond to successive isologous series of homologous hydro- 
carbons. In the case of the hydrocarbons, the passage from one isologous 
series to another often takes place from a term several places removed from 
the origin of the series—for example, from benzene, C,H,, which may be re- 
garded as primarily a derivative of hexane, to naphthalene, C,,H,, which 
is not an immediate derivative of benzene but of butylbenzene. It is conceiv- 
able that at the genesis of the elements a process was at work corresponding 
to that by which a hydrocarbon such as naphthalene is derived from benzene 
and by which the former then serves in turn as the point of departure for 
more complex hydrocarbons of other series. There is no reason, from this 
point of view, why progression should not take place along a particular 
line and that terms should exist in a series through which this line passes 
but below it—for example, that antimony and iodine may bear a direct linear 
relationship but that tellurium, instead of being the element in the pro- 
gression series in the oxygen group, is a homologue of greater weight. The 
same view may be taken of selenium. In this way, it would be possible to 
maintain selenium and tellurium in the oxygen-sulphur series, from which 
they cannot well be separated, whilst retaining Mendelejeff’s conception of a 
genetic relationship along the series. The only departure involved is in 
assuming that instead of forming a single linear series ascending regularly 
in spiral progression—a series which can, as it were, be strung on a single 
spirally wound cord—the elements closely simulate a series of homologous 
dsologous hydrocarbons. From this point of view, it is easy also to under, 
stand that some vertical series are unrepresented. 


In discussing the chief attributes of the elements none is so difficult to 
deal with as that of valency, using the term in the broadest possible sense, 
not merely as indicative of the number of units of affinity but as including 
the, at present, all but incomprehensible problems of residual affinity and 
elementary character. I discussed the subject somewhat fully in my former 
address, dwelling especially on the properties of negative elements and the 
power such elements have of acting as linking agents; this view has met. 
with ample confirmation in the interval and will, I believe, be found to be 
of wide application in the future. I have already referred to the manner 
in which_it is exemplified by silica. 


1 Cf, Roy. Soc. Proc., 1902, vol. lxx. pp. 86-94, 
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‘he greatest advance in the discussion of the problems of valency in 
recent years is that made by Barlow and Pope, as their method of treatment 
is one which applies to solid substances—the correlation of structure with 
crystalline form which it effects promises to be of far-reaching importance. 

Apart from hydrogen, carbon is the one element of certain character, 
acting always as a tetrad—its affinities may be only incompletely satisfied 
but they are always exercised, it may be supposed, even in ethenoid and 
similar compounds ; carbon monoxide apparently is the only exception to 
this rule, its relative inactivity being one of the most puzzling enigmas of our 
science, especially as the oxide becomes one of the most active of known 
substances when only two atoms of hydrogen are added to it. Most other 
elements (non-metallic) seem to vary in valency, the valency beyond a 
certain minimum being dependent on the nature of the association. Of late 
years, attention has been drawn in particular to the quadrivalency of oxygen 
in many of its compounds. 

The quadrivalency of sulphur in substances such as trimethylsulphonium 
iodide, Me,SI, having been proved to demonstration by the production of 
optically active compounds of this type (Pope and Peachy), it can no longer 
be supposed that in such cases we are dealing with compounds in which 
the negative constituents of the parent molecules are conjoined, e.g., 
Mel: SMe,. And yet we must contemplate the existence of such compounds 
as possible—in the case of nitrogen, for example, as ammonia must be sup- 
posed to form the compound NH,:OH, in preference to the hydroxide 
NH,O8, the latter being only a very minor constituent, the former the 
major component of the aqueous solution of the gas; hydrogen chloride, on 
the other hand, appears to afford only one product with ammonia, viz., 
NH, Cl. The existence of such differences is clear proof in the case of 
the non-metallic elements other than carbon that valency is not merely a 
variable but also a reciprocal or dependent function. 

There is no reason to suppose that hydrogen ever acts otherwise than as a 
simple monad; and the behaviour of the alkalies and alkaline earths in 
salts would seem to justify the conclusion that they have no tendency to 
vary in valency, were it not for the existence of well-defined non-volatile 
hydrides of these metals which are clearly substances of some degree of 
molecular complexity. Such compounds are illustrations of the difficulties 
which surround the subject. It has long been clear that the exhibition of 
the higher valency by an element is a process of a different order from that 
manifest when it exerts only its lower proper valency measured in terms of 
positive radicles such as H or C,H,,,; radicles. What that difference is 
we are not able at present to decide—carbon (together with silicon) differs 
from almost all other elements especially in combining with hydrogen and 
analogous radicles to the extent of its maximum valency. 

The proposition I made in 1888 (Phil. Mag., Series V., 25, 21) that the 
valency lines should, in some cases, be represented as passing through the 
atom, so that each is capable of acting in two directions, is the only con- 
sistent mode of expressing varying valency which has been devised, the 
only one, moreover, by which attention is drawn to the great difference. 

In many cases probably there has been a tendency to exaggerate the 
valency value-—in the case of chlorine, for example, in assuming that it 
functions as a heptad in the perchlorates. In this and many other instances, 
it suffices to assume that the chlorine and oxygen atoms are united in a 
closed ring, the chlorine functioning as a triad. Some such explanation 
will doubtless be given of the structure of the metallic ammonias and similar 
compounds. The co-ordination values introduced by Werner serve merely 
to establish certain empirical relationships and are only useful for the pur- 
poses of classification. The perhaps more rational plan of dealing with such 
compounds suggested by Abegg has a similar value, 
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It is to the advantage of the hypothesis formulated by Batlow and Popé 
that the elements are represented as of constant valency in so far as their 
1elative volume spheres of influence are concerned—the compound in which 
the higher valency is manifest being derived from that of lower valency by 
the opening out of the close packed arrangement and the insertion of certain 
new elements ; but the fact that in such cases the volume is altered not in one 
direction alone in the crystalline structure but proportionately in all direc- 
tions would seem to show that the volume sphere of atomic influence does 
actually change ; the change is one, however, which affects all the atoms in 
the complex proportionately. 

At present, unfortunately, our methods of treating the problems of 
valency are such that we cannot in any way give expression to the energy 
side of the phenomena. 

Of late there has been talk of electrons in this connexion but what is 
said is little more than superficial paraphrase, in the advanced scientific 
slang of the day, of the ideas which have long been current. When, follow- 
ing Odling, we represent valency by dashes written after the elementary 
symbol, we give clear expression by means of a simple convention to certain 
ideas that are well understood by all among us who are versed in the facts; 
to speak of electrons and use dots instead of dashes may serve to mislead the 
unwary, who hang on the lips of authority, into a belief that we have 
arrived at an explanation of the phenomena, but those who know that we 
have reached only the let-it-be-granted stage, who feel that the electron is 
possibly but a figment of the imagination,* will remain satisfied with a 
symbolic system which has served us so long and so well as a means of giving 
simple expression to facts which we do not pretend to explain. Not a few 
of us who listened to the discussion of the nature of the atom at Leicester 
could not but feel that the physicists knew nothing of its structure and 
were wildly waving hands in the air in the endeavour to grasp at an 
interpretation which would permit of mathematical interpretation being 
given to the facts. Until the credentials of the electron are placed on a 
higher plane of practical politics, until they are placed on a practical plane, 
we may well rest content with our present condition and admit frankly that 
our knowledge is insufficient to enable us even to venture on an explanation 


of valency. 


In 1885 and again in 1888, I ventured to call in question the interpreta- 
tion of valency which Helmholtz had given in the Faraday lecture in 1881. 
On the present occasion, I would insist still more emphatically on the in- 
sufficiency of the atomic charge hypothesis; especially that it affords no 
satisfactory explanation of variable valency and of those fine shades of 
difference which are manifest, especially in the case of nitrogen, when the 
radicle attached to the dominant element is varied. In 1885 I discussed this 
question with reference to the nature of electrolytes and questioned the con- 
clusion Helmholtz arrived at that electrolytes belong to the class of typical 
compounds the constituents of which are united by atomic affinities, not to 
the class of molecular aggregates. The opinion I then ventured to give was 
as follows :— 

‘The current belief among physicists would appear to be that primarily the 


dissolved electrolyte—the acid or the salt—is decomposed almost exclusively. 
We are commonly told that sulphuric acid is added to water to make it conduct, 


1 In my opinion the experimental evidence is in no way satisfactory. It appears 
to me to be desirable that in studying the phenomena of electric discharge in 
gases, especially in vapours of complex substances, the horrible pitfalls should be 
taken into account with which the field of work is studded ; unless every precaution 
to secure purity—precautions such as Baker and Dewar have taught us to use—be 
taken at every step, the conclusions based on all such observations must be open 


to grave doubt, 


PRESIDENTIAL ADDRESS. 433 


but the chemist desires to know why the solution becomes conducting. it may 
be that in all cases the ‘‘typical compound ”’ is the actual electrolyte—i.e., the 
body decomposed by the electric current—but the action only takes place when 
the typical compounds are conjoined and form the molecular aggregate, for it 
is an undoubted fact that HCl and H,SO, dissolve in water, forming ‘‘ hydrates.”’ 
This production of an “‘electrolytical system ’’ from dielectrics is, I venture to 
think, the important question for chemists to consider. I do not believe that 
we shall be able to state the exact conditions under which chemical change will 
take place until a satisfactory solution has been found.’ 


The position is not very different now. Although the propagation of 
the ionic dissociation cult has assumed the form of a fine art, we are 
still as far as ever from agreement as to the nature of chemical change; the 
speculation has not helped us in the least to clarify our ideas; at most we 
learn that interactions are between ions, and even these, as a rule, are 
supposed to remain apart until they enter into the solid state. Throughout 
all these years I have never varied my opinion that the dissociation hypo- 
thesis is incompatible with the facts. On more than one occasion I have 
stated definite reasons which induce me to deny its usefulness’ and these 
arguments have never been met; in fact, there has heen little but a con- 
spiracy of silence on the part of the upholders of the creed. 

A large amount of work bearing on the subject has been done, chiefly 
by H. Brereton Baker. Strangely enough, no proper notice of his results 
has been taken outside England, and even there the importance of the observa- 
tions have not been sufficiently appreciated. Perhaps the most remarkable 
feature in the situation is that Baker himself scarcely seems to be alive to 
the meaning of the evidence which he has supplied ; the attitude which he has 
displayed in his recent Wilde lecture can only be described as halting. Baker 
has shown, in case after case, that the occurrence of change is dependent on 
the presence of moisture, his greatest feat perhaps being the observation that 
it is possible not only to prepare nitrous anhydride in the solid and liquid 
states but to volatilise it unchanged if only water be excluded. 

I venture to think there is only one point of view from which the problem 
of chemical change can be approached, that, namely, which we owe to 
Faraday—to which hitherto justice has in no way been done—on which I 
dwelt persistently in my previous address: that the forces termed chemical 
affinity and electricity are one and the same. In every case of chemical 
change there is a coincident electrical change, an electric flux; on the 
other hand, every case of electrical change is accompanied by chemical 
change—some alteration in molecular configuration is effected; the force of 
chemical affinity is in some way disturbed by a momentary displacement of 
the molecules when a current passes through a conductor. Such being the 
case, the conditions determinative of chemical change can only be those 
which permit of an electric flux. Two substances in apposition do not 
give rise to a current; at least three are required to determine a slope of 
potential. Chemical change can only take place if one of the three be an 
electrolyte. In all cases apparently the chemical change supervenes upon 
the electrical, the electrolyte being resolved into its ions, one of which at 
least combines coincidently with the adjacent electrode. Apparently these 
considerations are applicable to changes generally. And it should be added 
that, according to this view, the catalyst actually determines the occurrence 
of change. 

The only other criterion which it is: necessary to apply in order to 
decide whether change be possible in any given case is to consider if the 


* Compare Chem. Soc. Trans., 1895, 1122; Roy. Soc. Proc., 1886, 40, 268; 1902, 
70, 99; 1903, 72, 58; 1904, 78, 537 ; 1906, 78, 261; 1907, 79, 586; 1908, 81, 80 ; Scienca 
Progress, April 1909, 

1909, Br 
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change contemplated be one involving development of energy. It is 
important to remember also that a change which could not otherwise take 
place becomes possible when a suitable depolariser is introduced into the 
circuit. 

The evidence that similar considerations apply to the gaseous and the 
liquid states cannot well be gainsaid. Before framing a theory of chemical 
change it is therefore necessary to formulate a definition of an electrolyte. 
It is doubtful if any single substance be an electrolyte; the conductivity of 
fused salts may well be and probably is conditioned by some admixture. 
Aqueous solutions of alkalies, acids, and salts without exception are elec- 
trolytes. Everything points to the fact that im such solutions the solvent 
and solute act reciprocally; the contention that the solute alone is active 
cannot be justified. As water is altogether peculiar in its activity as a 
solvent and is a solvent which gives rise to conducting solutions, an 
explanation of its efficiency must be sought in its own special and peculiar 
properties. 

Since 1886 this conclusion has been impressed upon me with indisput- 
able force, and I have frequently ascribed the effect produced by the one 
constituent upon the other in a solution to the residual affinity of the 
negative elements in the two compounds which act reciprocally. It was 
only recently, however, that I saw my way to postulate a complete theory 
which would serve to account for the properties of solutions and that I 
realised how the reciprocal effect might be produced. 

I would substitute for the-misleading conception that liquids are com- 
parable in their behaviour with gases the idea that the liquid state is one 
in which the residual affinity of the negative elements in particular always 
comes into play and causes the formation of molecular aggregates of various 
degrees of complexity; moreover, that the alteration in the properties of 
any given solvent by the dissolution in it of another substance is largely 
and, in some cases, mainly due to a disturbance of the equilibrium natural 
to the solvent by an alteration in the proportion in which the several 
aggregates are present. The alteration in some particular property pro- 
duced in a given mass of the solvent may, from this point of view, be taken 
as the measure of the activity of a substance, just as the alteration in the 
pressure of a particular volume is taken as the measure of the alteration 
produced in a gas. In the case of non-electrolytes, if only a small amount 
of the solvent be withdrawn by combination with the solute, the alterations 
may be regarded as almost entirely due to the ‘ mechanical’ interference 
of the substance introduced, opportunity being given for the simpler, more 
attractive molecules of the solvent to exist in greater proportion because of 
the diminution of the chance of reuniting which is conditioned by the 
presence of practically inert molecules of another kind; if a more or less 
considerable amount of the solvent become associated with the solute the 
conditions become more complex but similar considerations apply. From 
such a point of view a liquid is rendered more active by the addition of 
any soluble substance. Its vapour pressure is therefore diminished; the 
internal ‘ osmotic’ stresses are raised; its freezing-point is lowered. 

Although it is generally admitted that water is not a uniform substance 
but a mixture of units of different degrees of molecular complexity, the 
degree of complexity and the variety of forms is probably underestimated 
and little or no attention has been paid to the extent to which alterations 
produced by dissolving substances in it may be the outcome and expression 
of changes in the water itself. The attempt to extend the ‘laws’ which 
are applicable to the gaseous state to liquids has led us away from the 
truth by narrowing our conceptions. If the contention be justifiable that 
the alterations attending dissolution are very largely alterations in the 


character of the water, attention has been directed of late far too exclusively 
to the dissolved substance. 
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To give emphasis to this view, I have advocated! the restriction of 
the name water to the liquid mixture and have proposed that the simple 
molecule represented by the symbol OH, be termed Hydrone. The generalised 
expression 

(H,0), + 20H, 


= 


may be considered to be representative of the state of equilibrium: in water— 
that is to say, of the character of the change which water undergoes when 
the conditions are varied either physically or by dissolving substances in it— 
in the sense that it pictures the resolution of the more complex into simpler 
forms and vice versd, without, however, taking into account the variety of 
molecular forms (x, x, x . . . .) which are present. 

It is probable that the agreement between ‘theory’ and practice on 
which reliance has been placed, particularly in interpreting osmotic pheno- 
mena, is more often than not only apparent and fictitious and but the outcome 
of counterbalancing effects which have been left out of account. We are too 
prone to believe in constants; we need to“remember that, except perhaps 
in the case of the perfectly gaseous state, constants are dependent variables. 
To take an example, it is assumed that glucose and cane sugar produce 
like osmotic effects when used in equivalent proportions ; indeed, it has been 
the fashion of late years to treat non-electrolytes as harmless neutrals: in 
point of fact they differ as much in behaviour as do electrolytes and such a 
conclusion must be viewed with the gravest suspicion. Recently Dr. Eyre 
and I have been able to show that three substances so similar as methylic, 
ethylic, and propylic alcohols produce effects in precipitating salts from 
solution which are markedly different, propylic alcohol being the most effec- 
tive although the least soluble. It is clear that the precipitant does not act, 
in direct competition with the salt, mainly by itself combining with and 
withdrawing water, but that it promotes the dissociation of water by the 
mechanical interposition of its molecules: in fact, that the ‘ dehydrating ’ 
power of the water is enhanced owing to the increase in the proportion of 
simple molecules in the liquid which is conditioned by the presence of the 
solute. 

The same effect is obvious when the reduction of the electric conductivity 
of a salt such as potassium chloride by equivalent quantities of the three 
alcohols is considered. This amounts to about 6 per cent. in the case of 
methylic, 12 in that of ethylic, and 17 in that of propylic alcohol; the 
reduction effected by glucose, however, amounts to about 27 and that 
effected by cane sugar to no less than 42 per cent. In these two latter cases 
the amount of water actually withdrawn from the solution by the sugar is 
probably considerable and the ‘ mechanical effect’ of the solute is there- 
fore exercised in a more concentrated solution—more concentrated, that is 
to say, than those in which the alcohols act. If, therefore, solutions of 
glucose and cane sugar of equivalent strenyth produce like osmotic effects, 
it is because unperceived compensating factors are at work in the solutions 
which in algebraic sum have the same aggregate influence. 

To explain the effect produced by substances which give rise to con- 
ducting solutions when dissolved in water (acids, alkalies, and salts), it is 
necessary to consider the special nature of the changes which may be sup- 
posed to attend dissolution in such cases. Why, it may be asked, is an 
aqueous solution of hydrogen chloride a conductor whilst that of alcohol 
is a non-conductor? I believe the answer to be that it is because, in the 
former case alone, the two components of the solution are reciprocally dis- 
tributed ; that it is because two correlative systems— 

H H 
HOY = and_—s HO 
\ou Not 
1 Roy. Soc. Proc., 1908, 81, 80; Science Progress, January 1909. 2 
FF 
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are produced which interact under the influence of the electric stress." In 
the case of alcohol no such interchange takes place. It may be that the 
alcohol is hydrolated to some slight extent hut the hydrol must be less 
basic than hydronol; probably, like ammonia, alcohol exists in solution for 
the most part in the hydronated state :— 


ae H 
H,0¢ ELHOC EtHO—OH, 
Nor OH 
Hydronol, Ethanol-hydrol. Ethanol-hydrone, 


Much more must be learnt of the properties of solutions before definite 
decisions can be arrived at with regard to such delicate and refined issues. 

I would apply the interpretation here given of the nature of conducting 
solutions generally to the explanation of all cases of chemical change: in 
other words, I assume that in all cases correlative systems are present 
which are formed by the reciprocal distribution of the interacting sub- 
stances. Irom this point of view the solvent is no mere medium but an 
active participant in the series of interchanges of which, as a rule, only 
the final product is noticeable. 

The solution thus offered of the complex problem discussed very fully in 
my Address in 1885, which has ever since occupied my thoughts, will, I 
trust, be found to be helpful, although by no means complete in all its 
details. 

In effect, the doctrine makes no demand which the chemist should not 
be able to grant forthwith, as it is generally supposed that hydrols are 
easily formed—to give an example, in the case of the conversion of chloral, 
CCl,.COH, into chloraldehydrol (chloral-hydrate), CCl,,.CH(OH),. The 
novelty of the conception lies in supposing that the occurrence of electro- 
lysis involves the interaction of the hydrol and its correlative and the 
explanation which it affords of the difference between electrolytes and non- 
electrolytes. 

It is essentially an association theory, although it involves the dissocia- 
tion of the interacting substances but never the production of separated ions. 
In the case of aqueous solutions the amount of the distributed substances 
may be taken as the measure of the activity—of the degree of ionisation, 
so-called. A wrong view prevails that the so-called molecular con- 
ductivities are measures of activity ; they are in reality only measures of the 
relative activities under corresponding conditions of the substances to which 
they refer. The molecular conductivity of an acid is at a maximum in 
its weakest solutions: presumably it is then present to the maximum extent 
in its simplest state and in the active hydrolated state; but as a hydrolytic 
agent its activity is at a maximum near to the opposite end of the scale. In 
other words, the hydrolytic activities of a series of acids are in the order 
of their molecular conductivities in solutions of comparable strength, but 
molecular-hydrolytic and molecular-electrolytic activity run in opposite 
directions; the maximum electrolytic conductivity of an acid solution, 
which is manifest at a particular degree of concentration—presumably at 
the point at which the two forms of the distributed materials most nearly 
balance—is also in no way identical with maximum molecular hydrolytic 
activity. On these assumptions not a few of the deductions based on the 
ionic dissociation hypothesis are clearly fallacious. 

It has been asserted that the association hypothesis does not admit of 
quantitative treatment, and that therefore it is at a disadvantage; but if 
the quantitative meaning given to various results in accordance with the, 


* I would repeat the plea I put forward in 1885 that the use of the term hydro- 
chloric acid as applied to hydogen chloride is undesirable if not unjustifiable; the 
solution of the gas may be said to contain chlorhydric acid, HCl (OH,)z, From 
my point of view, oxygen is a constituent of all acids ; 
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tenets of the dissoviation hypothesis be more often than not one which is 
inadmissible, little is gained by applying the speculation quantitatively. As 
already remarked, the only cases in which chemical and electrolytic activity 
can be compared by the methods proposed are those in which the comparison 
is made between solutions of comparable or equivalent strength—that is 
to say, between compounds arranged in vertical series in the order of their 
activity. Electrolytes are comparable in most, if not in all, their pro- 
perties when the comparison is made in this way; but order of activity is 
one thing, actual activity another. It is in this sense and this sense only 
that we may agree with Arrhenius in his statement, ‘ L’activité électro- 
lytique se confond avec l’ activité chimique.’ 

The ionic dissociation hypothesis is a beautiful mare’s-nest, which fails 
apparently to fit the facts whenever it is examined. ‘And the moral of 
that is,’ to quote the words of the classical Duchess so well known to 
children, we must not use the words ion and ionisation in any speculative 
sense but confine their application to cases such as were contemplated by 
Faraday when he introduced the term ion; the conception of activity, 
whether electrolytic or chemical, should alone be attached to such words; 
no idea of actual, separate, individual existence should enter into our 
minds in using them: the ion is to be thought of merely as the potentially 
active, transferable radicle in a compound, not as a separated particle 
enjoying independent existence. It is so easy to speak of dissociation when 
it is desired to give expression to the idea; the first thing the scientific 
speaker or writer should guard against is ambiguity. 

The subject of gaseous interchanges must not be left out of account, 
although it is impossible to do justice to it. Mendelejefi’s contention that 
gaseous interchanges are usually bimolecular has been defended by Dixon 
and Larmor of late. But the facts must be faced. The almost incon- 
ceivable frequency of the molecular impacts must not be forgotten. The 
extraordinary attractive power of the hydrone molecule is also to be 
remembered: this would tend to promote the formation of aggregates with 
which the necessary third substance would every now and then form a 
bimolecular system—which, however, would in reality be at least trimolecular. 
The proportion of hydrone molecules in a dried gas has probably been 
under-estimated—the density of hydrone being very low (9)—as no dehy- 
drating agent can be supposed to remove all such molecules or even nearly 
all; the hydrated substance must have a certain pressure of dissociation. 
Sir James Dewar’s appears to be the only method which is in any way 
deserving of the epithet absolute; the results he has obtained with helium 
in a radiometer are strongly in favour of my view. Lastly, the gradual 
growth in velocity of the explosive wave up to the point of detonation as 
the compression becomes greater is clear indication that reduction in volume 
and increase of opportunity for the formation of systems of the proper 
degree of complexity is a matter of great consequence. Even the behaviour 
of cordite is significant, particularly the projection of unburnt rodlets of 
the material from the gun: apparently it is not decomposed by shock 
intramolecularly but is broken down by heat into gases which interact 
explosively. 

Having dealt with the subjects of chemical change and the nature of 


* Solutions of acids and alkalies have maximum conducting power at certain 
relatively high degrees of concentration. Hydrolytic activity also increases 
steadily in the case of acids as the solution becomes more concentrated ; whether it 
attains to a maximum and whether this coincides with the conductivity maximum 
is uncertain at present; it is very difficult to decide this point experimentally, as 
the rate of change is so rapid in strong solution; moreover, the action takes 
another course in strong solutions, as compounds are formed by the interaction 
of the hydrolyte and hydrolyst, so that two changes are superposed which cannot 
well be followed separately. 
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solutions, however inadequately, I must now endeavour to justify my open- 
ing reference to the importance of the organic side of our science. 

The province of organic chemistry is so vast that it may appear to be 
difficult to distinguish the main lines of advance from the by-paths which 
intersect the field of inquiry in every direction. In reality this is not 
the case; certain salient features stand out which must attract attention 
if once attention be drawn to them. The efforts of the chemist to elucidate 
structure and to correlate structure with function have been extraordinarily 
successful. In the first place, as already remarked, the student of the 
subject now has his attention concentrated on the tetrahedron as the symbol 
of the functional activity of carbon ; however numerous the compounds, he 
knows that certain simple rules can be laid down as applicable to all. It 
is established beyond question that carbon atoms have a remarkable ten- 
dency to form ring systems. The affinities of the atom seem to act almost 
rigidly in certain directions, which appear to be those of lines drawn from 
the middle point of a regular tetrahedron to its angular points. Rings 
containing either five or six atoms of carbon are therefore those which are 
most readily formed and of maximum stability ; carbon atoms may and do 
unite in pairs, threes, and fours, but compounds of this order are far less 
permanent than those containing either five or six atoms, as the affinities 
appear to meet in such a manner that they do not satisfy each other and 
consequently the compounds enter somewhat readily into combination with 
other substances. When the number of carbon atoms exceeds six, not only 
is there less tendency to form a ring system but the stability of the system 
is slight ; when the number is considerable, stability is attained by the for- 
mation of complex systems consisting of several rings conjoined (camphor, 
naphthalene, anthracene, etc.). 

The behaviour of carbon compounds generally, in so far as this may be 
regarded as dependent on the condition of the carbon, is extraordinarily 
simple and may be summed up in the statement that it is either paraffinoid, 
ethenoid, or benzenoid.* Paraffinoid carbon is incapable of combining with 
other substances and but slightly attractive, so that the hydrogen atoms are 
by no means easily displaced from paraffinoid compounds ;? ethenoid carbon 
combines readily with various substances, forming compounds of paraffinoid 
type; in the benzenoid state carbon appears to combine somewhat readily 
with a variety of substances, but the products enjoy only an ephemeral 
existence and usually escape notice, as they at once break down, giving 
rise to benzenoid substitution derivatives, so that in this last form carbon 
simulates the paraffinoid state but is more active. 

In earlier years our attention was concentrated on benzene and the 
benzenoid compounds; much was done to elucidate the structure of these 
hydrocarbons and of their derivatives ; meanwhile these latter have proved 
to be of extraordinary significance technically, notably as dye-stuffs, but 
also on account of their medicinal value, as perfumes, and in photography. 

The structure of benzene has been the subject of much discussion during 
the period under consideration. I trust I shall not be accused of parental 
bias if I urge that the centric’ formula is the best expression of the 


* A fourth condition requiring recognition is that of the carbon in acetylene ; 
at present the acetylene compounds are so few in number, however, that this form 
may be left out of account. 

* The displacement of the hydrogen aesociated with carbon is in all probability 
a secondary phenomenon; it is likely that this is true generally and that hydrogen 
is never merely remoyed or attracted away but always has its place taken by a 
radicle which becomes temporarily attached to the multivalent atom with which 
the hydrogen is associated. 

* I have discussed this matter somewhat fully in a recent essay, with reference 
to the nature of amorphous carbon, in connexion with the remarkable work of 
Sir James Dewar on the absorption of gases by charcoal at low temperatures 
(Journal of the Royal Institution). 


PRESIDENTIAL ADDRESS. 439 


functional activity of the hydrocarbon benzene and its immediate deriva- 
tives ; the attempts which have been made of late years to resuscitate the 
Kekulé oscillation hypothesis in one form or another appear to me to be 
devoid of practical significance. Any formula which represents benzene as 
an ethenoid must be regarded as contrary to fact. But in considering the 
properties of benzenoid compounds generally, it is necessary to make use of 
the Kekulé conception as well as the centric expression. The model of 
benzene devised by Barlow and Pope subserves a somewhat different and 
complementary purpose, being primarily of importance on the geometric 
side in discussing the relation of form to structure.* 

The discovery of trimethylene by Freund and the subsequent introduc- 
tion of synthetical methods of preparing polymethylenes by W. H. Perkin, 
jun., mark the onset of a new era, opening out as they did the possibility of 
understanding the structure of camphor and the terpenes and other con- 
stituents of the volatile oils from plants. 

Chemist after chemist had attempted in vain to solve the riddle pre- 
sented by camphor. Suddenly, in a moment of inspiration, a satisfactory 
solution of the problem was offered by Bredt. The acceptance of the bridged 
ring, the special feature of the Bredt formula of camphor, marks the intro- 
duction of a new moment into organic chemistry. 

The recognition of similar rings in several hydrocarbons of the terpene 
class, mainly in consequence of the masterly work of yon Baeyer, has con- 
tributed in no slight degree to an understanding of these compounds ; 
nevertheless, much remains to be learnt and there are many and serious 
difficulties to be overcome before we shall be in a position to appreciate the 
genetic relationship of all the substances included in the group. When the 
account of the work is written it will form one of the most striking and 
fascinating chapters in the history of our science. 

Among the many names of those who have contributed to its development 
the first to be mentioned is that of Wallach, to whose unwearied efforts, 


* The time is now approaching when it will be possible to extend the study of 
benzenoid compounds beyond the formal and superficial stage; hitherto we have 
been content to develop the methods of preparing such substances and to determine 
their number and their distinctive properties. Everything has to be learnt as to 
the exact character of the changes which attend their formation from the parent 
substance benzene and as to the exact nature of their inter-relationship. The 
impression produced by benzene, in my mind, is that of an eminently plastic 
system capable of responding to every slight change that may be impressed upon 
it. Nothing is more remarkable than the difference between benzene and its 
homologues, co obvious in the extraordinary increase in activity which attends the 
introduction of hydrocarbon radicles in place of one or more hydrogen atoms. But 
such plasticity is not characteristic of benzene only : if the properties of benzene- 
sulphonic acid be contrasted with those of the various substituted sulphonic acids, 
it is clear that every variation in the nucleus meets with some response from the 
sulphonic group ; what is still more remarkable, if the hydrogen in the hydroxylic 
group in the phenolsulphonic acids be displaced by other radicles, not only does the 
oxygen atom to which the radicle is attached seem to respond to the change but 
the benzenoid system and the still more distant sulphonic system are also 
both affected. It is well known that the physical constants are all variables in the 
case of benzenoid compounds. Perhaps the most remarkable confirmation of the 
view here advanced, however, is that afforded by the conclusion arrived at by 
Barlow and Pope that in the case of benzene derivatives, although the spheres of 
influence of the carbon and hydrogen atoms are relatively the same as in the 
parent compound, the spatial arrangement of the component spheres of atomic 
influence remaining practically unchanged, nevertheless the actual] volumes of the 
spheres of influence of both carbon and hydrogen alter proportionally to the altera- 
tion in molecular volume. Thus they maintain that in the cage of the conversion 
of benzene (molecular volume 77:4) into tetrabromobenzene (molecular volume 
130-2), the volumes of the spheres of influence of both carbon and hydrogen expand 

_jn the ratio of 77°4: 130°2, Such a conclusion is yery noteworthy, 
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continued during a long series of years, so muchi is owing. The synthetic 
work carried out with brilliant success in recent years by W. H. Perkin 
may also be referred to as of extraordinary promise but of wellnigh incon- 
ceivable difficulty. 

Before leaving this chapter reference should be made to the almost 
protean character of camphor, as disclosed by the work of inquirers such 
as Kipping, Pope, Forster, Lapworth, and Lowry; no other substance has 
lent itself to use in quite so many directions and with such fruitful results. 
Special mention may be made of the demonstration which Pope has given, 
with the aid of the camphor-sulphonic acids, that nitrogen, sulphur, 
selenium, and tin give rise to optically active substances in all respects 
analogous to those furnished by carbon. The success with which Kipping’s 
arduous labours have been crowned is also very noteworthy, taking into 
account the many difficulties he has overcome in preparing optically active 
silicon compounds. The extension of the Pasteur-van’t Hoff theory of 
asymmetry inferentially to all elements which are at least quadrivalent, 
now accomplished, is of superlative importance. 

Lowry’s refined observations on the conditions which determine the 
interconversion of isodynamic forms of some of the camphor derivatives 
may also be cited as of special value as a contribution to the study of 
metamerism and the conditions which determine chemical change generally. 

Not the least interesting feature of camphor is the light thrown by its 
behaviour on the influence which oxygen exercises as an attractive element 
and on the part which spatial configuration may play in determining 
directions of change. It is clear that, whatever the agent, the attack is 
always delivered from the oxygen centre and that the direction in which 
the attack becomes effective depends on the position which the agent can 
take up relatively to the various sections of the molecule.’ 

It must be confessed that our efforts to penetrate behind the veil in the 
case of the higher carbohydrates—starch and cellulose in particular—have 
not been rewarded with success. 

Moreover, though inuch has been done of late years to unravel the nature 
of the vegeto-alkaloids, substances such as quinine are still only partially 
deciphered and not one of the more complex alkaloids has been produced 
synthetically. In view of the fact that quinine is still the one effective 
and practically safe anti-malarial medicine, the disclosure of its constitution 
is much to be desired. The isolation of adrenaline from the suprarenal 
capsule and the discovery that this alkaloid—-which is an extraordinarily 
active substance physiologically—plays a most important part in controlling 
vital processes is of supreme interest. Other glands—the pituitary gland, 
for example—appear to contain peculiar active substances which are of 
particular consequence in regulating animal functions. The discovery of 
such substances affords clear proof that life is largely dependent on what 
may be termed chemical control. 

In addition to indigo, the simpler yellow and red natural colouring- 
matters have now been thoroughly examined but this class of substance still 
affords abundant opportunity to investigators. Kostanecki’s comprehensive 
studies of the xanthone group may be referred to as of particular value. 

Attention may be directed here to the investigation of brazilin and 
haematoxylin by W. H. Perkin and his various co-workers, not merely as 
being full of interest and importance as a contribution to our knowledge 
of the relation between colour and structure and as a brilliant example of 
technical skill, but because of the illustration it affords of the extreme in- 
tricacy of such inquiries and of the vast amount of labour they entail. The 
general public probably has not the slightest conception of the difficulties 
which attend such research work and of its costliness. 


' Cf, Chen. Soc. Trans,, 1902, 81, 1469, 
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As an investigator of vegetable colouring-matters, no one has been more 
assiduous or has displayed greater skill of late years than A. G. Perkin. 
His recent refined investigation of the colour-yielding constituents of the 
indigo plant is of exceptional value at the present time, although it is to be 
feared that it comes too late to save the situation in India. The work of the 
brothers Perkin, it may be pointed out, is of exceptional interest on the 
human side as well as from the scientific standpoint, as their enthusiasm 
and wonderful manipulative skill afford a striking and noteworthy example 
of hereditary genius. 

Two substances of commanding interest which have long resisted attack 
—the red colouring-matter of the blood and leaf-green—are at last going the 
way of all things chemical, as the secret of their nature is being wrung from 
them. In Willstatter’s skilful hands chlorophyll is proving to be by no 
means the fugitive material it was supposed to be; the complexity of the 
problem it offers, however, seems to be far beyond anything that could have 
been anticipated ; so much greater will be the interest attaching to the final 
solution. The discovery that green chlorophyll is a magnesium salt is of 
special importance, as the first clear indication of the manner in which 
magnesium salts are of service to plants. 

Apart from the special interest which attaches to the investigation of 
vegetable colouring-matters on account of their being coloured substances, 
such inquiries are of value as furnishing material for the discussion of the 
metabolic activity of plants.* 

Even colloids are being brought into line. Studded as they are with 
active centres (oxygen or nitrogen atoms), they seem to be able to attract 
and retain hydrone molecules at their surfaces in ways which give them 
their peculiar glue-like attributes: as a consequence living tissue appears 
to be little short of animated water. 

To the present generation of students, the organo-metallic compounds 
must have appeared to belong to the past; the discovery of methides of 
platinum and gold by Pope will not only serve to reawaken interest in this 
group of compounds, but is of primary importance as a contribution to our 
knowledge of the valency of these elements; the stability of the platinum 
derivatives is altogether astonishing. 

The discovery announced in June last, at the International Congress of 
Chemistry, by Mond of compounds of carbonic oxide with ruthenium and 
uranium is a striking and most welcome extension of his previous labours, 
which had placed us in possession of carbonyls of nickel, iron, and cobalt. 


* But a note of sadness pervades the story. The effect of learning to under- 
stand Nature always appears to be that we at once brush her aside when we have 
wrested from her the secrets which she has so long preserved inviolate. No sooner 
did we learn the nature of the madder colouring-matters than we proceeded to 
prepare them artificially—thus putting an end to the cultivation of a valuable crop. 
Indigo is meeting with a like fate, a catastrophe which might well have been 
avoided had scientific assistance been called in at the proper time. Not content 
with making natural colouring-matters, we set to work to outrival the rainbow in 
our laboratories ; the feminine world is decked with every variety of colour in 
consequence, although unfortunately our blends too often lack the beauty of those 
of truly natural origin, which rarely, if ever, offend the eye. We congratulate 
ourselves on our cleverness in thus imitating Nature but no idea of thrift possesses 
us + moreover, our attempts to imitate if not to undo her work are never direct 
but are always made with her aid, with Nature’s product—coal ; we are no longer 
content to ride on horseback but must rush through space, and instead of 
watching the birds fly seek to emulate them but always with the aid of fuel won 
by Nature from the soil and air in days long past. Too much is being done in 
every direction to waste natural resources, too little to conserve them, too little to 
employ man in his proper place—as tiller of the soil. Here lies the chemist’s 
opportunity. At no very distant date, perhaps, when petrol is exhausted, toll 
will be taken from the sun in the form of starch or sugar and this will he converted 
into alcohol, 
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The metallic carbonyls possess altogether remarkable properties: at present, 
these defy explanation ; nickel carbonyl in particular seems to be an excep- 
tion to all rules. The complex iron carbonyls made known by Dewar and 
Jones also have most fascinating attributes, the variety of colours they 
display being specially interesting. The marked individuality of the 
members of the iron group exemplified in their carbonyl derivatives is in 
striking contrast with the tendency they display to behave as related 
elements ; the deeper problems of valency are clearly exposed for considera- 
tion in such peculiarities. 

The discoveries of the special activity of magnesium as a synthetic agent 
and of the superior value of nickel as a catalyst in fixing hydrogen are 
other illustrations of the individuality of metallic elements. We are 
greatly indebted to the French chemists for the invaluable preparative 
methods they have based on the use of these two agents. 

Although satisfactory progress has been made in almost every direction, 
the nature of many nitrogen compounds is still not properly understood. It 
is clear that we are as yet in no way seized with understanding of the 
attributes of this element as we are of those of oxygen and carbon, particu- 
larly in the case of mixed carbon-nitrogen compounds: we can make nothing 
of the physical data such substances afford. Nitrogen, in fact, is an extra- 
ordinary element, far more remarkable than any other; its ‘temper’ 
appears to vary more than that of any other element according to the 
character of its associates—nothing could be more remarkable, for example, 
than the change in properties from ammonia, NH;, through hydrazine, 
NH..NH., to azoimide, N;H. No other element can be so poisonous, so 
immediately fatal to life. We lack a model symbolic of its functions—which 
means that we are unable to fathom its vagaries and reduce them to simple 
order. 

The oximes and the diazo-compounds in particular have given rise to 
much dispute. Stereo-chemical formule have been assigned to these, but 
probably they have little relation with the truth ; although they have been 
of service by supplying symbols which can be offered up at examinations, by 
confining attention they have served to sterilise inquiry. No better illustra- 
tion could be given of the truth of the remark made by my friend the Pro- 
fessor that man is an idolater by nature, a fact that chemists should always 
bear in mind. 

The compounds in question are difficult substances to handle, far too 
prone to undergo change without invitation—it is to be feared that many of 
the conclusions which have been arrived at are based on incomplete if not 
unsatisfactory evidence." When I think of the state of our knowledge, I 
am reminded of the father of diazo-chemistry, Peter Griess, a man of marvel- 
lous experimental gifts; there is great need of such a man to reinvestigate 
the whole subject. 


If we inquire as to the general effect of the increase of knowledge of 
organic compounds, it is clear that the lessons which emerge from all modern 
inquiries are such as to justify Larmor’s remark that our conceptions of 
structure must be granted more than analogical significance. Nverything 
tends to show that function and structure are most closely connected—odour, 
taste, colour, physiological effect are specific rather than general properties, 
each conditioned in its special variety by some special structure; we are 


* Since this was written, Thiele’s discovery of ‘ Azomethane,’ MeN : NMe, has 
been announced. This is described as being a distinctly coloured, very pale 
yellow substance in the solid state. There can be little if any doubt, there- 
fore, that, as Robertson and I have argued, the colourless so-called syn- and anti- 
diazo-salts cannot possibly be compounds of the —N : N— or diazene type : such 
compounds would all be at least yellow in colour. 
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approaching very closely toa time when it should be possible to discuss such 
properties with considerable confidence. 

Still it must not be forgotten that the problems they offer are all valency 
problems and that the nature of valency eludes us entirely at present. 

The greatest advance which chemists may pride themselves upon having 
made during the past decade or two remains to be considered. In 1885, I 
spoke as follows :—‘ The attention paid to the study of carbon compounds 
may be more than justified both by reference to the results obtained and to 
the nature of the work before us ; the inorganic kingdom refuses any longer 
to yield up her secrets—new elements—except after severe compulsion ; the 
organic kingdom, both animal and vegetable, stands ever ready before us. 
Little wonder, then, if problems directly bearing upon life prove the more 
attractive to the living. The physiologist complains that probably 95 per 
cent. of the solid matters of living structures are pure unknowns to us and 
that the fundamental chemical changes which occur during life are entirely 
enshrouded in mystery. It is in order that this may no longer be the case 
that the study of carbon compounds is being so vigorously prosecuted. Our 
weapons—the knowledge of synthetical processes and of chemical function— 
are now rapidly being sharpened, but we are yet far from ready for the 
attack.’ 

My forecast has been more than justified ; indeed, the advance to be 
recorded is nothing short of marvellous: the great problems of vital 
chemistry appear now no longer to be unattainable to our intelligence— 
their cryptic character seems to have disappeared almost suddenly. Many 
have contributed in greater or less degree but none in such measure as Emil 
Fischer, whose work both in the sugar group and in connexion with the 
albuminoids must for ever rank as monumental. ; 

It is difficult to appreciate the extent to which the practical genius of 
this chemist has carried us—difficult alike for those who understand the 
subject and those who do not; the significance of his labours is only 
apparent when the bearing of his results on the interpretation of vital 
phenomena is fully considered. In 1885, we were disputing as to the 
structure of substances such as glucose and galactose; now we not only are 
satisfied that they belong to the group of aldhexoses (aldoses) derived from 
normal hexane but, taking into account the monumental discoveries of 
Pasteur to which precision has been given by van’t Hoff’s great generali- 
sation, we are in a position to assign fully resolved structural formule not 
only to the natural products but to the nine other isomeric aldhexoses which 
Fischer has prepared artificially. 

It is a striking fact that only three of the sixteen possible aldhexoses 
and but a single ketohexose (fructose), of which many are possible, are met 
with naturally. Nature is clearly most sparing, most economical, in her 
use of materials. And not only is this true of the hexoses, as very few of 
the possible lower and higher homologous carbohydrates occur in vegetable 
or animal materials and the condensed carbohydrates (cane sugar, starch, 
etc.) are all formed apparently from the hexoses and pentoses which occur 
naturally. The albuminoids, the alkaloids, the terpenes are also optically 
active substances ; in other words, only a limited number of the possible 
forms are present. There is reason to suppose that the compounds of 
natural occurrence stand in close genetic connexion and belong with few 
exceptions to the same series of enantiomorphs; in no other way is it 
possible to account for the occurrence of one only of the pair of enantio- 
morphous isomerides and for the relatively small number of compounds. 
Moreover, not only the sugars and most of the other products of the dis- 
integration of the albuminoids but also the amino-acids, in like manner, 
are derivatives of compounds containing at most six atoms of carbon ; the 
fats alone are of a considerably higher degree of complexity but they are 
probably collocations of the simpler units. 
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The terpenes and essential oils are mostly C,, derivatives; the alkaloids 
have complex formule but the units of which they are composed are simple ; 
as all of them are optically active, it is clear that only some of the possible 
enantiomorphous combinations are present. 

We are bound, therefore, to assume that a large proportion of the 
changes which occur in living organisms—which constitute vital meta- 
bolism—are directed changes. What is the nature of the directive power ? 
We are already able to go far in explaining this, although our knowledge is 
mainly of analytical changes, the nature of synthetic changes being, at 
present, only inferentially disclosed to us. 

It has long been known that under natural conditions many complex 
compounds such as starch, cane sugar and other similar substances are 
broken down hydrolytically, not by the unassisted action of water but by 
the co-operation of enzymes ; the effect produced by these enzymes is pre- 
cisely similar to that of acids, except that all acids produce the effect, acting 
only with different degrees of readiness, whilst enzymes are strictly selective, 
a given enzyme acting only, as a rule, either on a single substance or on a 
series of substances similar in structure. Indisputable evidence has been 
obtained that the enzymes which act on the carbohydrates are intimately 
related in structure to the compounds which they attack, fitting them—to 
use the apt simile introduced by E. Fischer—much as a key fits into a good 
lock: the slightest alteration in the structure of the carbohydrate is sufficient 
to throw the enzyme out of action. The closeness of the association is well 
illustrated by the case of the two methylglucosides, which differ merely in 
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The relative positions of the simple hydrogen atom and of the hydroxyl 
group attached to the carbon atom are merely interchanged, yet this is 
sufficient to render the one (the a) proof against the action of emulsin— 
the enzyme of the almond—the other (the,8) proof against that of maltase 
—the enzyme present in yeast. 

The enzyme may be pictured as attaching itself to a surface of the mole- 
cule and at the same time as associated with hydrone in such a manner 
that this is brought to bear at the junction which undergoes disruption. The 
action of acids, although similar, is simpler in that the attachment is not 
to the molecule as a whole but only at or near to the junction which is 
resolved, 

In the case of the albuminoids, the action is probably more local in 
character, in so far as the resolution of their polypeptide section is con- 
cerned, the same enzyme being able to effect the resolution of a considerable 
number of compounds. 

All the peptolytes have in common the junction C.CO.N ; the peptoclasts 
by which such substances are gradually resolved probably fit this group 
alone; other enzymes are of more complex organisation, akin to that of 
the sucroclasts—such as arginase, for example. In principle, however, the 
* enzymes are to be regarded as all acting alike, each as fitting some particular 
asymmetric centre if not the whole of the molecule which undergoes 
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hydrolytic disruption under its influence, the asymmetric centre being that at 
which the cleavage is effected. 

In synthetic changes the operation is reversed. It may be supposed that 
the separation of hydrone is determined by the circumstance that water can 
be formed by the interaction of this hydrone as it separates with that which 
is attached to the hydrolated enzyme; the formation of water from hydrone, 
in fact, plays a great part in such changes. 

The action of oxydases may be regarded from a similar point of view. 
The early observations of Adrian Brown on the oxidising activity of 
Bacterium Xylinum, coupled with the later work of Bertrand, affords clear 
proof that these enzymes are possessed of selective powers. It is conceivable 
that such enzymes become attached to a molecule at some one centre and 
that they then deliver their attack at some more or less distant point by 
presenting the oxygen with which they are loosely associated at this point. 
It is easy, on such an assumption, to understand how ethenoid linkages may 
be developed in various positions in the molecule of a fatty acid. 

Rosenthaler’s recent observations on the formation of optically active 
phenylhydroxycyanomethane, PhCH(OH)CN, from hydrogen cyanide and 
benzaldehyde on shaking the solution with emulsin are, however, among 
the most significant yet made. I have myself confirmed his statements. 
The ease with which the change takes place—the manner in which the 
change is accelerated by the enzyme—is altogether remarkable. 

Although there can be little doubt, in the case of plants and animals, 
that the synthetic processes do not occur spontaneously and directly between 
the interagents but are for the most part at some stage or other directed 
or controlled, it cannot well be supposed that every asymmetric compound 
is the direct outcome of a controlled process ; nor is it necessary to assume 
that such is the case. Not a few asymmetric compounds are probably but 
secondary products formed by the breakdown of compounds which are the 
products of directed synthesis. 

Ehrlich’s observations on the formation of the amylalcohols from the 
isomeric aminocaproic acids (leucines) may be referred to in this connexion. 
Taking into account the manner in which the vegetable organism is pro- 
vided with conservative powers and its tendency to retain nitrogen, in view 
of the peculiar structure of the members of the terpene group—especially the 
presence of the isopropyl group and of methyl in association with the ring 
in <uch hydrocarbons—it is highly probable that the terpenes are derived 
from amino-acids. A molecule of leucine, a molecule of alanine, and a 
molecule of formaldehyde obviously provide the materials for the production 
of methylisopropyldihydrobenzene ; it is not difficult to picture the series 
of changes which would lead to the formation of the hydrocarbon from such 
a conjunction. 

The general impression produced by facts such as have been referred to 
is that directive influences are the paramount influences at work in building 
up living tissues. These come into operation, it is to be supposed, at a very 
early stage in the case of the plant. The initial step probably involves the 
electrolysis of water under the influence of solar energy and the reduction by 
the hydrogen thus liberated of the carbon dioxide, which is eventually 
converted into formaldehyde, either directly or, it may be, through the 
intermediation of oxalic and formic acids. The part which chlorophyll 
plays in this process can only be surmised : it is not improbable that reduced 
chlorophyll is the active reducing-agent: that chlorophyll itself is active 
in conditioning the resolution of water under the influence of solar energy 
into reduced chlorophyll and oxygen or, more probably, a labile peroxide, 
from which oxygen is independently split off at a subsequent stage, it may 
be under the influence of a so-called catalase. 

Whatever the process by which the plant acquires its initial store of 

‘carbonaceous material, the formaldehyde is apparently at once made use of 
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and in part at least converted into starch. The view may be taken that 
glucose is the primary product of condensation—that the formaldehydrol 
molecules become ranged against a glucose template in series of sixes, which 
are soldered by enzymic influence into a single molecule by the interaction 
of contiguous hydrogen and hydroxyl radicles along the chain. 

The glucose is thereafter carried a stage higher and converted into 
maltose or it may be that a maltose template is effective from the beginning 
and that the biose is the immediate product of condensation ; the conversion 
of maltose into starch must take place in some similar manner. The recent 
observation that cellobiose is a B-glucoside enables us to realise that the 
formation of cellulose differs from that of starch in that the glucose mole- 
cule, instead of being converted into the @-glucoside maltose, becomes 
changed into the correlated £-glucoside, a membrane being thus secured 
which can resist the diastic enzymes by which starch is attacked. 

The formation of the albuminoid substances may be regarded from a 
similar point of view. At present, however, there is no satisfactory evi- 
dence to show at what stage nitrogen is introduced into the molecule. As 
the plant takes up nitrogen in the form of nitrate, not as ammenia, it is 
probable that the nitrate is reduced to hydroxylamine and that this rather 
than ammonia is the active synthetic agent. Formaldehyde and hydroxyla- 
mine would yield formaldoxime, which would easily pass into methylamine 
on reduction; the interaction of formaldoxime and formaldehydrol might 
give rise to a higher aldoxime which would be easily convertible into amino- 
acetic acid (glycine). Higher glycines might be formed from glycine by 
syntheses similar to those Erlenmeyer has effected; but to account for the 
formation of asymmetric amino-acids it is necessary to assume that the 
action is controlled at this stage and that the glycine is formed against a 
template perhaps under the influence of an enzyme. 

Another conceivable mode of formation is by the fermentative degrada- 
tion of glucosamine. 

Until we know more of the order in which the amino-acid radicles are 
united in the various albuminoids and of the character of the associations 
other than those which are characteristic of polyeptides, we can consider 
the formation of albuminoids only from a very general point of view; but 
taking into account the very different proportions in which amino-acids and 
other cleavage products are formed on hydrolysing substances of different 
origin, it is clear that the several sections of the molecule must be differently 
ordered in the different proteins ; again, therefore, it is necessary to assume 
that the formation of such substances is directed. We may picture mole- 
cule after molecule as being ‘ brought into line’ against a template and the 
junctions which are required to bind the whole series together as being 
made through the agency of the enzymic dehydrating influence before 
referred to. 

Attention has been called to the relatively simple way in which the 
hydrocarbons are constructed, that even the paraffins are not to be visualised 
as so many ducks strung upon a ramrod, Minchausen fashion, but as 
forming curls, owing to the natural set of the affinities. This probably is 
true of complex substances such as the proteins. 

Protoplasm, in fact, may be pictured as made up of large numbers of 
curls, like a judge’s wig—all in intercommunication through some centre, 
connected here and there perhaps also by lateral bonds of union. If 
such a point of view be accepted, it is possible to account for the occurrence 
in some sections of the complex series of interchanges which involve work 
being done upon the substances brought into interaction, the necessary 
energy being drawn from some other part of the complex where the inter- 
changes involve a liberation of energy. . 

The conclusions thus arrived at may be utilised in discussing the problem 
of heredity. The inheritance of parental qualities, the need to assume - 
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cotitinuity of the germ plasm and the comparative unimportaince from the 
standpoint of heredity of somatic qualities, as well as the non-inheritance 
of mere environmental effects (acquired characters), are all necessary con- 
sequences of the view I have advanced. 

The general similarity of structure throughout organised creation may 
well be conditional primarily by properties inherent in the materials of 
which all living things are composed—of carbon, of oxygen, of nitrogen, of 
hydrogen, of phosphorus, of sulphur. At some early period, however, the 
possibilities became limited and directed processes became the order of the 
day. From that time onward the chemistry prevailing in organic nature 
became a far simpler chemistry than that of the laboratory: the possibilities 
were diminished, the certainties of a definite line of action were increased. 
How this came about it is impossible to say; mere accident may have led 
to it. Thus we may assume that some relatively simple asymmetric sub- 
stance was produced by the fortuitous occurrence of a change under con- 
ditions such as obtain in our laboratories and that consequently the 
enantiomorphous isomeric forms of equal opposite activity were produced 
in equal amounts. We may suppose that a pool containing such material 
having been dried up dust of molecular fineness was dispersed; such dust 
falling into other similar pools near the crystallisation point may well have 
conditioned the separation of only one of the two isomeric forms present in 
the liquid. A separation having been once effected in this manner, assum- 
ing the substance to be one which could influence its own formation, one 
form rather than the other might have been produced. An active substance 
thus generated and selected out might then become the origin of a series 
of asymmetric syntheses. How the complicated series of changes which 
constitute life may have arisen we cannot even guess at present; but when 
we contemplate the inherent simplicity of chemical change and bear in 
mind that life seems but to depend on the simultaneous occurrence of a 
series of changes of a somewhat diverse order, it does not appear to be 
beyond the bounds of possibility to arrive at a broad understanding of the 
method of life. Nor are we likely to be misled into thinking that we can 
so arrange the conditions as to control and reproduce it; the series of lucky 
accidents which seem to be required for arrangements ‘of such complexity 
to be entered upon is so infinitely great. 


The ovum and the spermatazoon must be supposed to have all the direc- 
tive influences stored up in them which are subsequently brought into play 
in the development of the organism; they may be looked upon as bundles 
of templates of very definite structure. As both paternal and maternal 
qualities may be handed on to the offspring, and as there is so near an 
equality of the sexes in the higher organisms, it appears likely that the 
male and female elements are produced in equal numbers by both parents, 
either the one or the other becoming developed at conception, according to 
the accidents of the moment, whereby both the sex of the offspring is deter- 
mined and whether it be primarily derived from the one or the other parent. 

There cannot well be complete interpenetration of the two elements: 
rather is it to be supposed that surface contacts are established which lead 
to transferences from one to the other chromasome; to use vulgar terms, 
that eyebrows are pencilled, the nose straightened, narrowed or broadened, 
hair made fair or dark; that by interpenetration of the curls this or that 
other quality is modified by a molecule being plastered on here, another 
smoothed off there, while cross-connexions are established in some direc- 
tions but broken in others. 

Such a picture cannot be regarded as extravagant. We may even claim 
literary appreciation in support of our temerity—no less a writer than 
Emerson, for example, as witness the following passage in his ‘ Uses of 
Great Men’ :— 
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‘ Light and darkness, heat and cold, hunger and food, sweet and sowf, 
solid, liquid and gas circle us round in a wreath of pleasures and, by 
their agreeable quarrel, beguile the day of life. The eye repeats every day 
the first eulogy on things: ‘‘He saw that they were good.” We know 
where to find them; and these performances are relished all the more after 
a little experience of the pretending races. We are entitled also to higher 
advantages. Something is wanting to science until it has been humanised. 
The table of logarithms is one thing and its vital play in botany, music, 
optics, and architecture another. There are advancements to numbers, 
anatomy, architecture, asstronomy little suspected at first, when, by union 
with intellect and will, they ascend into the life and reappear in conversa- 
tion, character, and politics. 

‘But this comes later. We speak now only of our acquaintance with 
them in their own sphere and the way in which they seem to fascinate and 
draw to them some genius who occupies himself with one thing all his life 
long. The possibility of interpretation lies in the identity of the observer 
with the observed. Each material thing has its celestial side; has its 
translation, through humanity, into the spiritual and necessary sphere, 
where it plays a part as indestructible as any other. And to these their 
ends all things continually ascend. The gases gather to the solid firma- 
ment; the chemic lump arrives at the plant and grows; arrives at the 
quadruped and walks; arrives at the man and thinks. But also the 
constituency determines the vote of the representative. He is not only 
representative but participant. Like can only be known by like. The 
reason why he knows about them is that he is of them; he has just come 
out of nature or from being a part of that thing. Animated chlorine knows 
of chlorine and incarnate zinc of zinc. Their quality makes his career 
and he can variously publish their virtues because they compose him. 
Man made of the dust of the world does not forget his origin; and all that 
is yet inanimate will one day speak and reason. Unpublished nature will 
have its whole secret told.’ 

Our modern faith in the ultimate power of scientific inquiry to appre- 
ciate their precise character, if not to solve the most difficult of problems, 
is clearly leading us to seek in incarnate oxygen, in incarnate hydrogen, 
nitrogen, and a few other elements the secrets even of life itself. 

We are undoubtedly what we are in virtue of the fact that carbon and 
hydrogen and oxygen and nitrogen are possessed of certain qualities—of 
qualities which permit them to take part in the formation of plastic and 
multimutable structures. No other elements apparently could lend them- 
selves to the purpose; they would only furnish rigid structures; so that if 
there be life upon other worlds than ours it is probably not so very different 
from that with which we are acquainted." The uniformity of plan upon 
which the world of life is constructed is indeed remarkable. Obviously if 
the control were not a very rigid one, if possibilities of change were not 
strictly limited, the world would be full of abortions. 


1 It has been suggested by Lord Kelvin and others that life may have been con- 
veyed to our earth by meteorites. The experiments made, with Sir James Dewar’s 
assistance, by Dr. Macfadyen prove that micro-organisms are not killed, even when 
cooled to the temperature of liquid hydrogen, so that they might resist the cold of 
space. Arrhenius has suggested in his ‘ Worlds in the Making ’ that organisms may 
be conveyed directly from planet to planet by the agency of radiation pressure. 
Such organisms would be subjected, however, not only to intense cold but also to 
the action of ultra-violet light. Sir James Dewar was good enough recently to 
allow me to witness experiments he has been making to ascertain the effect of 
subjecting organisms which survive exposure in liquid air to the radiation from a 
quartz-mercury-glow-lamp while cooled in liquid air. He finds that, under such 
conditions, the organisms no longer survive. It would seem, therefore, that we must 
be content to consider the origin of life in our own planet and not throw the 
responsibility back on one of greater age. 
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The manner itt which development proceeds must depend (1) on the 
fundamental properties of the constituent primary units—that is to say, 
the elementary atoms; (2) on the structure of the germinal masses ; (3) on 
the available primary food materials; and (4) on the character of the 
operative enzymes, whose work it is to incorporate into the protoplasmic 
complexes the scattered elements as they come into position on the various 
templates the nuclei afford. 

It would seem that control is exercised and stability secured in several 
ways ; not only is the form laid down in advance, but certain chosen materials 
are alone available and the builders can only unite particular materials in 
particular ways. Growth must depend on the presence of the necessary 
materials in great variety and in proper proportions. From this point of 
view the minor constituents of food are equally as important as the major 
constituents ; the value of a varied as well as of a sufficient diet cannot be 
overestimated, in fact. Yet it is probable that there is a certain degree of 
equivalence and that within limits one simple material may take the place of 
another ; in any case, that growth may be favoured in this or that direction 
by the relative preponderance of a particular food material.’ It is conceiv- 
able that variation may arise by the accidental intrusion of a new structural 
unit into the complex ; it is more probable perhaps that it is usually a 
consequence of growth in directions which, although possible, had not been 
favoured previously by the conditions. 

But if such argument be sound, what are its consequences? Miss 
Barrington and Professor Karl Pearson conclude a recent communication 
from the Francis Galton Laboratory for National Eugenics with the words: 
‘The first thing is good stock and the second thing is good stock and the 
third thing is good stock, and when you have paid attention to these three 
things, fit environment will keep your material in good condition. No 
environment or educational grindstone is of service unless the tool to be 
ground is of genuine steel, of tough race and tempered stock.’ 

I will venture to assert that our chemical experience, especially our 
knowledge of enzymes, is in complete harmony with this conclusion. 


Questions such as these are the questions of the future and they are 
the questions that should be discussed by us at our meetings on account of 
their public importance. To repeat Emerson’s words—something is wanting 
to science until it is humanised. The present is controlled by the past 
and the present will control the future; the part played by education must 
be altogether subordinate : the provision of the right material to be educated 
must be the main consideration. Nothing could be worse than our present 
system ; we place no hindrance in the way of the unfit, and those who are 
presumably the fittest are failing to contribute in proper proportion to the 
perpetuation of their race. The condition of affairs to-day affords a most 
striking exemplification of the slowness with which civilised nations are 
learning to appreciate the lessons of science. 

Recently I attended the celebration at Cambridge of the fiftieth 
anniversary of the publication of Darwin’s revolutionary work, ‘ The Origin 
of Species,’ in which the famous doctrine of Evolution was developed. Men 
of distinction from all parts of the world were there but not one word 
was said of the tremendous import to humanity of the message which 
Darwin delivered. What is even more startling, at Cambridge and, of 
course, equally at Oxford, it is in no way required of students either at 
entry or during their period of residence that they shall be sufficiently 
acquainted with Darwin’s work to grasp its significance and its consequences ; 


* It is from this point of view, and not on the ground of any measure of tem- 
porary success, that the advocates both of a spare diet and of vegetable food 


alone must be ied ed ; in all such cases we have to consider the influence on the 
race, not merely the immediate effects. 
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practically only the few who study biology become aware of it. And yet we 
never tire of preaching the value of classical learning and of history. The 
real history that counts and that training in scientific method which would 
tend to broaden and inform the mind are in no way thought of by the 
literary triflers who pretend to guide the destinies of our youth. Surely 
some effective means must be devised that will enable us to revolt without 
further delay against our unnatural and generally worthless system of school 
and university training. 


No problem can compare in importance with that of the future of our 
race. '‘l’o consider it is the one plain duty before us and the need becomes 
daily a more urgent one. Not only do we encourage deterioration at the 
lower end of the scale of intelligence in the manner pointed out in the 
passage quoted from Darwin, we are now through our system of higher 
education courting failure also at the upper end. Herbert Spencer forcibly 
drew attention many years ago to the tendency which the development of 
individuality must have to depress fertility and to the evil effects of severe 
mental labour on women especially. It has been stated that in the United 
States of America the higher education of girls has been proved to sterilise 
them. Many of us probably have experience within our own circle of 
observation which would justify such a conclusion; there are so many ways 
in which education operates to retard marriage, even if it have no direct 
effect on the organism. 

Even if man-stuff and woman-stuff be in no fundamental way different 
materials, there are essential differences between the sexes which must be 
taken ‘into consideration. During the active period of her life the woman 
is subject at intervals to influences which do not affect the man; various 
excitants (so-called hormones) come into operation and produce effects 
which are altogether remarkable; her mental condition is consequently in 
a state of continued flux. Cause and effect in these cases are undoubtedly 
chemical in their nature. The changes which attend puberty are probably 
brought about by the more or less sudden outpouring of peculiar secretions 
which direct metabolism into new and special channels. It is clear that 
mental states have an important influence on metabolism, and that if 
influences are brought to bear from which the organism has been exempt in 
the past, effects must be produced the nature of which it is impossible to 
predict ; therefore the creation of new interests may well be a source of 
most serious danger. The most disquieting feature of the times is the 
revolt of women against their womanhood and their claim to be on an 
equality with man and to compete with men in every way. There should 
be no question of equality raised; when comparison is made between com- 
plementary factors the question of equality does not and cannot come into 
consideration. It is clear that should the struggle arise—and it is to be 
feared that it is coming upon us—there can be but one issue: woman must 


» Warning is given by Darwin in simple but explicit terms in the following 
passage in his Descent of Man :— With savages, the weak in body or mind are 
soon eliminated; and those that survive commonly exhibit a vigorous state of 
health. We civilised men, on the other hand, do our utmost to check the process 
of elimination; we build asylums for the imbecile, the maimed and the sick; 
we institute poor-laws; and our medical men exert the utmost skill to save the 
life of everyone to the last moment. There is reason to believe that vaccination 
has preserved thousands who from a weak constitution would formerly have 
succumbed to small-pox. Thus the weak members of civilised societies propagate 
their kind. No one who has attended to the breeding of domestic animals will 
doubt that this must be highly injurious to the race of man. It is surprising how 
soon a want of care or care wrongly directed leads to the degeneration of a domestic 
race; but excepting in the case of man himself, hardly anyone is so ignorant ag 
to allow his worst animals to breed.’ 
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fail, and in failing must carry man with her to destruction, for she will 
inevitably cease to exercise her specific womanly functions with effect, so 
delicate is the adjustment of her mechanism. The evolution of the two 
sexes has been on different lines and different qualities have been developed 
in them; it is probable that the germinal differences are profound. And 
education cannot remove the difference; although education may condition 
functional disturbances, it must be powerless to modify the structure and 
mechanism. Man is in no way what he is to-day in virtue of the education 
he has received during a few generations past; the education of the race 
throughout time has been something entirely different from what is thought 
of now as education. ‘ Nature, the dear old nurse,’ not man, has done the 
work by a severe and drastic process of selection—by picking out men 
capable of doing men’s work and by picking out women capable of doing 
women’s work: she has constituted them helpmates and has had no thought 
of their being so silly as to wish to get in one another’s way ; this is a state 
brought on by an artificial, unsuitable system of education. 

The subject has been brought before the chemical world in England 
recently by the application of a number of women to be made Fellows of 
the Chemical Society. Many of us have resisted the application because 
we were unwilling to give any encouragement to the movement which is 
inevitably leading women to neglect their womanhood, which is in itself 
proof that they do not understand the relative capacities of the two sexes 
and the need there is of sharing the duties of life. If there be any truth in 
the doctrine of hereditary genius, the very women who have shown ability 
as chemists should be withdrawn from the temptation to become absorbed 
in the work, for fear of sacrificing their womanhood; they are those who 
should be regarded as chosen people, as destined to be the mothers of future 
chemists of ability. The argument is applicable generally; it is surely 
desirable in all cases of declared ability that the education of girls should 
be directed so as to produce not merely minimum disturbance of the woman’s 
attributes and charms but full understanding of the unique position of 
responsibility she occupies in the scheme of life. 


. Questions such as I have raised are of the utmost importance as bearing 
on educational policy. Our ideas cf education are in almost as inchoate a 
state as they were in 1885. We have been led, it is true, to recognise that 
our scheme of popular elementary education is a terrible failure, that its 
whole tendency has been to emasculate our population; yet at the very time 
that we are making this discovery we are beginning to force our higher 
education along lines which experience shows must be ineffective—along 
literary lines. I should be the last to deny that there is an undercurrent 
of improvement perceptible, but this is directed only by sporadic influences 
and is in no way favoured by most of those in authority. We are still 
suffering at the hands of those who have been our persecutors in the past— 
the clerics, who control most of the schools and whose outlook is almost as 
narrow as it ever was. The saving grace of science has in no way entered 
into their souls—how can it? The Universities make no attempt to secure 
their redemption. London of late years has even reversed the enlightened 
policy the University so long pursued and has allowed Latin to figure as 
alternative to science, not as the complement of science. 

Our Association seems to have little or no effect on the public conscience.. 
And the explanation is not far to seek. Our interests are too special ; we are 
all too much wrapped up in our own affairs; too inconsiderate to co-operate 
effectively. We forget or do not realise that ‘Something is wanting in 
science until it has been humanised’; we make no attempt to organise our 
forces and make good the claim we put forward to be the possessors of 
superior knowledge. A complete change of attitude on our part is required ; 
we need to play the part of propagandists. We are almost unknown as 
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popular writers and the days of ‘popular lectures are past. Practically 
nothing is done to train the public mind and school science is in no way 
effective. 


To speak particularly of my own subject, it is impossible to rate 
chemistry at too high a value in Canada. The maintenance of the fertility 
of your fields, the proper utilisation of your vast mineral wealth, the purity 
of your food supplies * will depend mainly on the watchful care and skill 
of chemists; but the educational value of the subject may also be set very 
high. If properly taught in your schools, it will afford a means superior 
to all others, I believe, of training faculties which in these days should be 
developed in every responsible citizen. No other subject lends itself so 
effectively as a means of developing the experimental attitude of mind—the 
attitude of working with a clearly conceived purpose to a desired end, 
which is so necessary to success in these days; and if care be taken to 
inculcate habits of neatness and precision and of absolute truthfulness, 
if care be taken to teach what constitutes evidence, the moral value of such 
work is incalculable. But to be effective it must be done under proper 
conditions, systematically ; the time devoted to the work must be adequate ; 
I would even advocate that the subject be allowed to come before conven- 
tional geography and history and other unpractical subjects, assuming that 
the training is given in a practical way and with practical objects in view, 
not in the form of mere lessons learnt by rote; if taught in the form of mere 
didactic lessons it is as worthless as any other subject as mental discipline. 
Let me add that I would confine the teaching to a narrow range of problems 
but make it very thorough with reference to these. 

Five-and-twenty years ago I made my appearance as an advocate of 
what has been dubbed the heuristic method—the method which entails 
putting the learner in the attitude of inquirer, in training the pupil to 
inquire always into the meaning of what is learnt. I believe it to be in 
principle the only true method of learning. The idea has found favour 
almost generally, but the progress made in applying it has been slight; 
and this was to be expected, as teachers were few and far between who could 
carry the method into execution ; moreover, so few teachers will allow their 
pupils to learn: they are too impatient and insist on teaching them and 
on doing the work of teacher and learner—in fact, in these days, the 
learner is a rarity: examinations have almost destroyed the breed. If 
here you desire that your children shall grow up virile men and women 
with some honesty of purpose left in them, you will end and not mend a 
system which is sucking the very life-blood out of the youth in the Mother 
Country—you will insist that your children shall be taught little but learn 
much; that they do not go out into the world mere parrots. 

When studied as a special subject, chemistry, in particular, is one of 
the studies which must be worked at long and persistently—mere technical 
skill counts for so much and so few seem to possess the ability to become 
skilful chemists ; in no other science does the element of understanding and 
an indefinable power of appreciating the character of changes as they occur 
play so conspicuous a part—in no other-science is the faculty of judgment 
more necessary. In practice, the chemist in works is constantly called upon 
to exercise his judgment—he is only too often called upon to judge from 
appearances of conditions which are deep-seated ; he is everywhere the works 
physician, in fact. It is therefore necessary that he should be highly trained 


* T should like to take this opportunity of saying that it is impossible to over- 
rate the public value of the great work which Dr. Wiley has undertaken in the 
United States in endeavouring to secure the supply of food free from deleterious 
ingredients. At home we certainly need someone to preach a similar crusade and 
to free us from doctored infants’ foods and the innumerable host of medicines by 
which even our fair fields are disfigured, : 
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and thoroughly versed in the art of inquiry. The men who in my experience 
have been successful are those who have learnt to think for themselves and 
who have been capable independent workers—sufliciently broad-minded and 
sufficiently practised in their art to be able to turn their attention in any 
desired direction ; I should add that they have been men who have acquired 
that neglected art, the art of reading. Much has been said and written of 
late on the subject of technical training which is of value as bringing out 
the various points of view; the problem is a very difficult one, owing to the 
great number of interests to be considered, and more especially the very 
uneven and often inferior quality of the material to be trained. The great 
danger of specialised technical training is the tendency to make it too 
narrow. Success in practice depends not merely on knowledge of subject 
but also, if not mainly, on the possession of certain human qualities which 
are not usually developed in the technical school and which cannot be tested 
by examination. It is unnecessary to specify them. It is undeniable that 
in England for many years past chemistry has suffered from the recognised 
fact that there has been little money in it—parents have been led therefore 
to prefer other careers for their sons and the subject has not secured its due 
proportion of intelligence and is suffering in consequence. Too many of 
those who have entered works have had neither the intelligence nor—to 
speak plainly—the presence and manners that are required to secure confi- 
dence. The presence of men of gentlemanly bearing and instincts, who have 
received thorough training in science, is urgently needed at the present time 
in many of our manufacturing establishments, to take the place of foremen 
of the old type, who have learnt all they know in the works and whose 
conceptions necessarily lack breadth ; it is almost impossible to convince such 
men that improvements are possible; too often they adopt a selfish attitude 
and advisedly retard progress. Another direction in which an approach of 
interests is required is between chemist and engineer. The latter has too 
long occupied a dominant position in many works, and in not a few cases 
has done his utmost to exclude the chemist, fearing his competition ap- 
parently. The gas industry perhaps affords the most striking illustration 
of the effects of such a policy: on the engineering side it has been carried to 
a high pitch of perfection but on the chemical it has ever fallen, year 
after year, to a lower state; now the quality of coal gas is such, especially 
since the withdrawal of the sulphur clauses from the Acts of Parliament 
by which the industry is regulated, that gas is almost unusable.* 

But the iron industry is an even more striking case. The appliances 
are wonderful examples of constructive skill but the engineer is clearly 
nonplussed when he seeks to understand the processes he nominally 
controls; the chemist has been kept so closely confined to his bench in tho 
laboratory that he has had no proper opportunity of studying the processes 
of manufacture systematically. No systematic study of steel has yet been 
made! Considering the magnitude of the industry and its importance, 
our knowledge of the subject is phenomenally slight; what we do know 


*Had not chemists entirely unconnected with the industry vastly improved 
the methods of burning it, gas would long since have fallen into disuse. At last, 
when almost too late, the industry is taking some notice of our science. It needs 
reformation and reorganisation root and branch. That an industry should exist 
whose business it is to sell, as the primary product of manufacture, so minor a 
constituent of coal as the gas we burn is an anachronism. We should gain vastly 
in our cities if we burnt soft coke instead of smoke-yielding coal. Lastly, it is 
now imperative that none of the valuable constituents of coal should be wasted. 
Combining these three considerations, it is obviously desirable that, in future, 
all coal should be coked and both gas and coke supplied to the public instead, 
whilst the valuable residuals are used in other ways. No improvement has been 
effected by municipalities who have taken over the supply of gas; in the public 
interest some of these might well initiate such a change as is here suggested. 
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of the relation of strength and structure to composition’ is due to the 
pioneer labours of the late distinguished Dr. Sorby—an amateur uncon- 
nected with the industry—and to a fruitful conjunction of the labours of 
engineers and chemists outside the works, who in self-protection have 
tested the materials before use. 

In Germany the chemist and the engineer have been placed on an 
equality and required to work together, with results which are altogether 
satisfactory. We need to adopt a similar practice. Any attempt to 
fuse the two into one will meet with failure, I am persuaded; they are 
called upon to work from different points of view—they need to be in 
sympathy and to understand one another but their work is complementary. 
I have watched engineering students closely during years past and am 
satisfied that, on the average, they represent a type of mind different from 
that of the chemist—the tendency of the one is to be constructive and of the 
other to be reflective: the analytical work done by the chemist in the 
laboratory is but the means to an end in the same way that the work done 
by the engineer in the drawing office is. Our future engineers should 
study chemistry and chemists should study engineering, in order that 
they may understand one another and work together—not in order that 
they may supplant one another. The chemist has to some extent allowed 
himself to be pushed into the background—perhaps because the average 
chemist in the past has been too tame a person; moreover, being forced to 
work in his laboratory, he has had less opportunity of gaining freedom and 
breadth of outlook than the more fortunate engineer, whose work has carried 
him out into the world. 

You will be wise in Canada if you take care to select no small number 
of your abler students—young men of promise physically as well as intel- 
lectually—and train them as chemists. Of late years attention has been 
called from every side to the inconsiderate manner in which raw materials, 
especially coal, iron and wood, are being used up in all civilised countries. 
It is difficult to interest the public in such a subject, as few can appre- 
ciate the consequences, owing to the general ignorance of science and to 
the existence of an optimistic belief in the power of scientific discovery. 
But nothing will compensate for the exhaustion of your coal and iron 
supplies. It is your bounden duty to economise these in every possible 
way. The chemist and engineer will be required to help you in effecting 
economies by improving present methods of treatment. But the further 
question arises whether it be not also your duty, here in Canada par- 
ticularly, without loss of time, to effect still greater economies by utilising 
the vast stores of energy in your possession, in the form of uplifted water, 
which now run to waste. The falls of Niagara are the most glorious and 
entrancing sight in the world I have witnessed next to the total eclipse 
of the sun, yet I question whether it be permissible to allow any part of 
their available energy to be dissipated—whether the claims of posterity do 
not forbid us to allow ssthetic considerations to prevail in such a case. 

To conclude, I have treated my subject very widely and at times 
vaguely, having ranged over a great variety of subjects—somewhat from 
the point of view of modern opera, perhaps; indeed, I am willing to confess 
that I have been much influenced of late years by music and by the 
recognition of the obvious desire reflective musicians have shown to secure 
breadth of effect and harmonious development of all the elements which go 
to compose a dramatic situation. Chemistry touches the drama of life at 
every point: if ever we are to understand life and regulate our actions in 
accordance with understanding, it will be in no slight measure because we 
appreciate the lessons which chemistry alone affords. 
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The following Papers and Reports were then read :— 


1. Molecular Rearrangements in the Camphor Series. 
By Professor Wiuu1am A. Noyss, Ph.D. 


A study of some of the molecular rearrangements in the camphor series 
has been undertaken, in the hope that some additional light may be thrown 
on the mechanism of chemical reactions. It was pointed out that in the 
formation of cymene and of acetoorthoxylene from camphor the carbon 
atoms separate in a position with reference to the carbonyl group similar 
to that in the decomposition of acetoacetic ester. The formation of laurolene 
from aminolauronic acid was also discussed in the light of the structure 
as recently established by the author and Mr. Dirsch. 


2. Combustion. By Professor W. A. Bons, D.Sc., F.R.S. 


8. The Atomic Weight of Iridium. The Analysis of Potassium 
Chloroiridate. By EK. H. Arcurparp. 


Potassium chloroiridate has been prepared from two sources: (1) from 
150 gms. of osmo-iridium ore obtained from Messrs. Baker & Co., of 
Newark, N.J.; (2) from metallic iridium obtained from Dr. Heraeus, of 
Hanau. 

The potassium chloroiridate was analysed by weighing the dry salt, 
reducing it in hydrogen and estimating the hydrochloric acid formed, the 
potassium chloride and the metallic iridium set free. The results show a 
value of 192.90 for the atomic weight of iridium. 


4, The Electrical Conductivity of Solutions of Iodine and of Platinum 
Tetraiodide in Ethyl Alcohol. By E. H. Arcurpaup and W. A. 
PatRIcK. 


When solutions of iodine in ethyl alcohol were examined as to their 
power of conducting the electric current, it was found that the conductivity 
increased rapidly with the time. This change appeared to be due to the 
progress of a reaction, the speed of which was greatly accelerated, at low 
temperatures, by the platinum black of the electrodes. At 25° the conduc- 
tivity reaches a maximum in about 25 hours. The reaction goes on 
extremely slowly if platinum black is not present. As a result of this 
reaction the colour of the solution becomes lighter. The initial conductivity 
of the iodine-alcohol solution was very small. No evidence could be found 
of the formation of an addition compound between the iodine and alcohol 
at as low a temperature as - 80°. 

Platinum tetraiodide forms good conducting solutions with alcohol. The 
molecular conductivity soon reaches a constant value. 


5. Anti-putrescent Effects of Copper Salts. By Dr. ALFRED SPRINGER. 


The peculiar behaviour of a Cincinnati certified milk in not becoming 
putrescent aroused the suspicion that it contained some antiseptic. The 
members of the Milk Commission insisted that they had not been lax in 
their supervision, that frequent and unannounced visits had been made to 
the dairy, and that all conditions surrounding the place, the cattle, the 
methods employed were in every sense exemplary; moreover, that the milk 
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had frequently been examined by their bacteriologist and chemist; they 
consequently felt convinced that no antiseptic could have been added. The 
dairymen indignantly denied having tampered with the milk, and claimed 
to have used every known precaution to make their certified milk the best 
in the market. We found, after long investigation, variable minute quan- 
tities of copper in the bottles of certified milk examined. In tracing the 
origin of the copper salts it developed that the boiler compound (used on 
account of the hard water) primed or foamed over, thereby contaminating 
the sterilising cloths, pails, and other utensils which came in contact with 
the milk. In order to find out if such minute quantities of copper could 
alter the milk, check experiments with and without the addition of copper 
salts were made; also differences in the behaviour of the same milk caught 
direct in broad-mouthed bottles and that obtained at the dairy in the usual 
mode of procedure were observed. Experiments showed that copper salts are 
selective in their actions, either greatly retarding or inhibiting the putre- 
factive bacteria, such as Proteus vulgaris, mirabilis, Zenkeri and Clos- 
tridium fatidum, but, on the other hand, having but little effect upon the 
Lactic bacteria; consequently milk treated with these salts retained its 
sweet odour even if the acidity contents became sufficiently high to curd it. 

Moulds such as Penicillium glaucum, Aspergillus niger, Eurotium repens, 
and others, probably because left; a freer field for development, grow much 
more profusely upon the certified milk than on other milks not treated with 
copper salts. Tests with copper salts clearly demonstrated their anti- 
putrescent effect in blood albumin, egg albumin, meat, milk, and sewage 
solutions. Even after nine months’ submersion in dilute copper solutions 
there was no great change in the taste and odour of eggs, and, though left 
in the same position, the yolks did not adhere to the shells. 


6. Report on the Study of Isomorphous Sulphonic Derivatives of 
Benzene.—See Reports, p. 141. 


7. Report on Electroanalysis.—See Reports, p. 144. 


8. Report on the Study of Hydro-aromatic Substances. 
See Reports, p. 145. 


9. Report on the Transformation of Aromatic Nitroamines and Allied 
Substances, and its Relation to Substitution in Benzene Deriva- 
tives.—See Reports, p. 147. 


FRIDAY, AUGUST 27, 
Joint Meeting with Section A.} 
The following Report and Papers were read :— 


1, Report on Dynamic Isomerism.—See Reports, p. 135. 


2. On the Constancy of the Hydrogen Gas Electrode. 
By Cuartss J. J. Fox, B.Sc., Ph.D. 


The author has investigated the constancy of the hydrogen gas electrode 
in H.SO, and HCl, when gold, platinum, and palladium coated with 


* See also Section A, p, 394, 
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platinum black and with palladium black are employed. Palladium coated 
with palladium black gives in both 0.1nH.SO, and 0.1nHCl a value 4 to 
5 millevolts too high; which is permanent even when the hydrogen is 
allowed to pass over the electrode for hours. But gold and platinum 
coated with either platinum or palladium black give in a very few 
minutes in both HCl and H,SQ,l, values concordant among themselves to 
probably less than 0°05 of a millevolt. A piece of gold or platinum wire is 
as good as a large piece of foil. It has usually been considered that the 
hydrogen gas electrode in 0.1nHCl is not so constant as in 0.1nH,SO,. But 
this does not seem to be the case; at all events if precautions against the 
possible presence of arsenic be taken. It seems probable from Bredig’s work 
that the smallest trace of arsenic would ‘ poison’ the platinum or palladium 
black, and according to Crookes’ it is practically impossible to purchase 
HCl free from arsenic. When this is borne in mind it seems preferable to 
use 0.1nHCl rather than H.SO,, because the dissociation constant is so much 
better known and the ions produced are so much simpler. It is not possible 
to get a good coating of platinum black on a very pure specimen of platinum 
foil if the platinum chloride solution employed be also very pure. A trace 
of lead acetate is usually added to the solution therefore, and it is necessary 
to remove every trace of this from the electrode after coating, or good values 
will be unobtainable. Heating in a solution of oxalic acid and then in 
nitric acid removes all lead quite satisfactorily. ; 


3. The Measurement of Rotatory Dispersion. 
By T. Martin Lowry, D.Sc. 


Measurements have been made with light of the following twenty-six 
wave-lengths : 


Li 6708 Na 5893 Tl 5351 (flame spectra). 

Hg 5790 5769 5461 4359 (enclosed arc). 

Cd 6438 5086 4800 4678 Zn 6364 4811 4722 4680. 
Cu 5782 5700 5218 5153 5106 4705 4651 4587 4378. 


_ A photographic method has also been devised by means of which measuze- 
ments may be made throughout the transmitted spectrum, so far as this can 
be recorded on a photographic plate. 

From the above list the seven wave-lengths shown in heavy type have 
been selected for general use, the green mercury line, Hg 5461, being selected 
on account of its brilliance and purity as principal standard in place of 
the sodium doublet, 5890 5896. 

Measurements have been made of the optical and magnetic rotations 
produced by quartz and by a series of optically active alcohols, acids, and 
esters. In the case of quartz there is an absolute agreement between the 
two dispersions, but every optically active liquid that has been examined 
shows a divergence between the two series of values, the optical dispersion 
being usually, but not always, higher than the magnetic dispersion. It 
is possible that the identity of the optical and magnetic dispersions in 
crystals is an indication that the magnetic rotatory power of liquids depends 
upon a spiral packing of the molecules of the same general character as 
that which produces the optical rotatory power of quartz, but the evidence 
at present available is not sufficient to justify a definite pronouncement. 


4. Mercurous Sulphate for Standard Cells. 
By Cuartss J. J. Fox, B.Sc., Ph.D. 


It is now well established that the chief cause of inconstancy in cadmium 
cel's is usually due to irregularities in the mercurous sulphate. F, E. Smith 


+ Select Methods of Analysis, 1905, p. 564, 
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has investigated this matter pretty exhaustively," and has stiggested four 
different methods for preparing reliable Hg,SO,.* The author wishes to 
suggest a fifth method which he has used, and which for simplicity and 
reliability seems to be superior to any of them. 

There is no difficulty in purchasing Hg.SO, which is quite free from 
foreign metals. But these commercially pure preparations, taken as they 
are, are unsuitable for use in standard cells because they have usually been 
precipitated from the nitrate solution in the cold, and are therefore not well 
crystallised ; free nitrate and basic sulphate are also present. But if com- 
mercially pure Hg,SO, be heated together with a little pure Hg and dilute 
H.SO, for a day or so at 120° to 150° in either a sealed tube (1 to 2 milli- 
metre walled tubing) or bottle with wire-bound stopper, and occasionally 
agitated, a white crystalline preparation will be obtained even from a 
specimen of Hg,SO, which is initially discoloured almost black. On opening 
the tube or bottle it will usually be noticed that the pressure has risen a 
little, and that there is a trace of NO, formed ; a little care should therefore 
be employed if there is more than a trace of nitrate in the original Hg,S0,. 
But the Hg,SO, obtained in this way is itself free from nitrate, and especially 
if the H,SO, be filtered off and renewed during the heating process; it is 
also, of course, quite free from basic salt. It is filtered off, ground up in a 
mortar with one or two successive quantities of diluted H,SO,, and then 
with several quantities of saturated cadmium sulphate solution; it is 
filtered off in a Biichner funnel after each washing. In this way it is 
possible with very little trouble to prepare quite large quantities of very 
reliable, well crystallised, white Hg.SO, in every way suitable for standard 
cells. 

Heating with HCl and Hg is also a very convenient method of preparing 
crystalline calomel; but in this case the heating takes about twice as long 
owing to the small solubility of calomel compared with Hg,SO,. 


5. A New Method of producing a Cadmium Arc. 
By T. Martin Lowry, D.Sc. 


In order to produce a cadmium spectrum of sufficient intensity for polari- 
metric work advantage is taken of the favourable properties of the silver- 
cadmium alloys. On account of their isomorphism the two metals form an 
excellent series of alloys which are characterised by good mechanical pro- 
perties and very high melting points. (An alloy with 60 per cent. Cd melts 
as high as 700° C.) In striking contrast to the behavicur of the pure metal 
the alloy gives a steady are which can be kept true to centre by rotating the 
electrodes in opposite directions. The spectrum shows the silver as well as 
the cadmium lines, but these are so far separated that even with a low 
resolving power the slit of a spectroscope can be opened to its full width 
without any overlapping of the brilliant ‘blocks’ of light which take the 
place of the usual ‘ lines.’ 


6. Mercury and Cadmium Lines as Standards in Refractometry. 
By T. Martin Lowry, D.Sc. 


The series of wave-lengths commonly employed in refractometry— 


Ha Na HB Hy 
6560 5893 4861 4341 
red yellow blue violet 


is unsuited for general use in optical measurements on account of the 


1. E. Smith, B.A. Report, Cambridge, 1904, p. 33. 
? F. E, Smith, 2,A, Report, South Africa, 1905, p. 98. 
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dual character of the sodium light, which forms the principal standard, 
and the extreme feebleness of the hydrogen lines, which are used as 
‘secondary standards’ when dispersive coefficients are required. In order 
to secure a proper correlation of optical measurements of various kinds it 
is suggested that the above series should be abandoned in favour of lines 
selected from the series— 

Li Cd Na Hg Cd Cd Hg 

6708 6438 5893 5461 5086 4800 4359 


the green mercury line replacing the sodium doublet as ‘ principal standard.’ 
In the measurement of rotatory dispersion it has been found that the ratio 
Hg 4359 to Hg 5461 is sufficient to characterise the dispersive power of a 
substance ; in refractometry similar conditicns may be expected to prevail, 
and it is pointed out that these two lines can be read even more easily than 
the hydrogen lines which they displace by using a vacuum tube containing 
a drop of mercury and gently warmed by means of a flame. If additional 
data are desired, the cadmium lines can be read with great readiness by 
employing a tiny silver-cadmium arc, or the sodium and lithium lines may 
be read in the ordinary way by making use of their flame spectra. 


MONDAY, AUGUST 30. 


Joint Discussion with Section K and Sub-Section K (Agriculture) 
on Wheat.—See Appendix A. 


TUESDAY, AUGUST 31. 


Joint Discussion with Section I on the Chemistry of Food. 
Opened by Professor H. E. Armstrrona, F.R.S. 


(i) Proteins: the Relations between Composition and Food Value. 
By HE. Franguanp Armstrona, Ph.D., D.Sc. 


It has been customary hitherto, when investigating the protein content 
of a food material, to determine the amount of nitrogen in it and multiply 
this by the factor 63. The quotient is spoken of as protein without any 
reference to its nature, although it has long been realised that proteins of 
different origin are not the same. The practice was perhaps justifiable so 
long as the chemistry of the proteins remained an almost unexplored field ; 
recent work, in particular that of Emil Fischer, Abderhalden, Osborne, and 
others, makes it possible to take up a more scientific position. 

The proteins have been proved in the main to be built up of amino acids 
belonging both to the aliphatic and aromatic series or derived from cycloids 
containing nitrogen, of oxyamino acids and of diamino acids. The careful 
analytical investigation of a large number of proteins has shown that these 
various structural units are present in very different proportions in the 
different proteins; some of them may be altogether absent from a par- 
ticular protein. Cereal proteins, for example, are characterised by a high 
percentage of glutamic acid, amounting to about 30 per cent. in most cases, 
the legumes yield about 20 per cent., oil seeds about 17 per cent. ; meat 
proteins give only 8-11 per cent. glutamic acid but are characterised by 
containing much glycine. 

‘Ihe amino acids are so very different from one another in their chemical 
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structure that it must be supposed that they each fulfil somewhat different 
functions in building up the tissues of the body. It thus becomes important 
to see that each is supplied in the proper proportions required by the body. 
Further, the analytical results point to the impossibility of entirely sub- 
stituting for a diet composed of one kind of protein—for example, meat 
—another diet composed, let us say, of nuts, since the two proteins, though 
nade up of the same structural units, contain these in entirely different 
proportions. 

Under the influence of the digestive enzymes the proteins can be con- 
verted into the same amino acids as are obtained when mineral acids are 
used to effect hydrolysis. If, however, the process of ‘ breaking-down’ be 
stopped before completion, compounds in which two or more amino acids 
are joined together—the so-called polypeptides—can be isolated. 

It remains now for the chemist and physiologist to ascertain the 
precise function and significance of each amino acid in metabolism; how 
far they may take the place of one another or may be absent without 
injurious effects; further, to what extent each is concerned in the main- 
tenance of a particular tissue. Judging from the great variety of proteins 
consumed in a normal diet, it is obvious that every one of the units at 
present known to us must be of importance; a diet composed of one 
source of protein only or one which is too monotonous in character, even if 
derived from three or four different sources, is certainly to be condemned. 
Hither will lead to the presence of an excess of particular amino acids and 
a deficiency of others perhaps equally important. All the evidence afforded 
by the chemical structure of the proteins goes, in fact, to show that they are 
not equivalent. 

Probably the presence of most, if not all, of the various known amino 
acids and other units of protein is necessary in a food if health is to be 
maintained. In this connection some experiments of Willcock and Hopkins * 
may be cited, in which it was shown that young mice fed with zein as their 
only source of nitrogen soon died. When tryptophane, a unit which is 
absent in zein, was also administered, life was greatly prolonged ; the addi- 
tion of tyrosine—which, however, is a normal constituent of zein-—~had no 
such effect. Apparently the presence of some tryptophane is essential. 

Some recent investigations of Abderhalden,*? which possess considerable 
interest, may be quoted in illustration of the method of attack which will 
no doubt have to be followed in similar cases. As already indicated, it is 
a moot question whether the amino acids can be changed in nature or in 
amount or synthesised from simpler fractions in the organism ; to answer 
it a study has been made of the silkworm, in which the problem is sim- 
plified by the fact that the worm takes no nourishment after it has begun 
to spin. The protein fibroin obtained from raw silk is characterised by 
yielding a large proportion of glycine and alanine and a fair proportion 
of tyrosine when hydrolysed; it is not without interest that both Italian 
and Canton silks are identical as regards the proportions of mono- 
amino acids they contain. Silkworms, when dried and hydrolysed in the 
same manner as fibroin, were found to contain large supplies of the very 
amino acids most abundant in the silk fibroins.*° The worm gives rise to 
cocoon and moth. Continuing the investigation, the moths were likewise 
subjected to analysis. The amount of glycine, alanine and tyrosine from 
them was very sensibly less and the yields of the other amino acids corre- 
spondingly higher than from the cocoons; in fact, the monoamino acids 


? Willcock and Hopkins, J. Physiol. 1906, 35, 83-102. 
Sictaae ie ae Z. Physiol. Chem. 1909, 58, 334-340; ibid. 59, 170-176; 
-238. 
3 It does not, however, necessarily follow that the worm contains ready-formed 
silk protein in the liquid state. 
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obtained from the moths were equivalent in amount to those from the 
worms minus those from the cocoons. To complete the story, it obviously 
remains to investigate the nature and quantity of the monoamino acids 
present in the proteins of the mulberry leaves which serve as food to 
the worms ; Professor Abderhalden’s further results will be awaited with 
interest. 

In comparing proteins it is not enough to establish the nature and 
amount of the structural units, but it is necessary further to study how 
the monoamino acids are coupled together to di- and poly-peptides. Any 
pair of amino acids can give rise to two isomeric dipeptides with different 
physiological properties. The dipeptide glycylalanine, for example, behaves 
quite differently towards digestive enzymes than does the isomeric alany]l- 
glycine. Presumably a food containing the former would be less easily 
assimilated than one yielding the latter complex. This part of the subject 
is as yet in its infancy but it may be expected to yield results of great 
significance. 

To sum up, when discussing the value of foods it is not enough to know 
merely the gross amount of nitrogen containing matter, but the nature and 
proportion of its constituent units must also be taken into account. The 
ideal diet should contain as great a variety of proteins as possible in order 
to provide a sufficient amount of all the required unity of constructive 
metabolism. 


(ii) Some Physiological Problems in Agriculture. 
By EH. J. Russewy, D.Sc. 


(iit) Economic Aspects of Cattle Feeding. 
By Professor J. Wiuson, M.A., B.Sc. 
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Section C.—GFOLOGY. 


PRESIDENT OF THE SEcTIoN.—Dr. A. SmitH Woopwarp, F.R.S. 


THURSDAY, AUGUST 26, 


The President delivered the following Address :— 


THE circumstances of the present Meeting very clearly determine the subject 
of a general address to be expected from a student of extinct animals. The 
remarkable discoveries of fossil backboned animals made on the North 
American continent during the last fifty years suggest an estimate of the 
results achieved by the modern systematic methods of research; while the 
centenary celebration of the birth of Darwin makes it appropriate to con- 
sider the extent to which we may begin deducing the laws of organic evolu- 
tion from the life of past ages as we now know it. Such an address must, 
of course, be primarily biological in character, and treat of some matters 
which are not ordinarily discussed by Section C. The subject, however, can 
only be appreciated fully by those who have some practical acquaintance 
with the limitations under which geologists pursue their researches, and 
especially by those who are accustomed to geological modes of thought. 
There has been an unfortunate tendency during recent years for the 
majority of geologists to relinquish the study of fossils in absolute despair. 
More ample material for examination and more exact methods of research 
have altered many erroneous names which were originally used; while 
the admission to scientific publications of too many mere literary exercises 
on the so-called ‘law of priority’ has now made it necessary to learn not 
one, but several names for some of the genera and species which are com- 
monly met with. Even worse, the tentative arrangement of fossils in 
‘genetic series’ has led to the invention of a multitude of terms which 
often serve to give a semblance of scientific exactitude to the purest guess- 
work, and sometimes degenerate into a jargon which is naturally repellent 
to an educated mind. Nevertheless, I still hope to show that, with all 
these difficulties, there is so much of fundamental interest in the new work 
that it is worth while to make an effort to appreciate it. Geology and 
paleontology in the past have furnished some of the grandest possible con- 
tributions to our knowledge of the world of life ; they have revealed hidden 
meanings which no study of the existing world could even suggest; and 
they have started lines of inquiry which the student of living animals and 
plants alone would scarcely have suspected to be profitable. The latest, 
researches are the logical continuation of this pioneer work on a more exten- 
sive scale, and with greater precision; and I am convinced that they will 
continue to be as important a factor in the progress of post-Darwinian 
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biology as were the older studies of fossils in the philosophy of Cuvier, 
Brongniart, and Owen. 

In this connection it is necessary to combat the mistaken popular belief 
that the main object of studying fossils is to discover the ‘ missing links’ 
in the chain of life. We are told that the idea of organic evolution is not 
worthy of serious consideration until these links, precise in character, are 
forthcoming in all directions. Moreover, the critics who express this opinion 
are not satisfied to consider the simplest cases, such as are afforded by some 
of the lower grades of ‘shell-fish’ which live together in immense numbers 
and have limited powers of locomotion. They demand long series of exact 
links between the most complex skeletal frames of the backboned animals, 
which have extreme powers of locomotion, are continually wandering, and 
are rarely preserved as complete individuals when they are buried in 
rock. They even expect continual discoveries of links among the rarest of all 
fossils, those of the higher apes and man. The geologist, on the other 
hand, knowing well that he must remain satisfied with a knowledge of a 
few scattered episodes in the history of life which are always revealed by 
the merest accident, marvels that the discovery of ‘missing links’ is so 
constant a feature of his work. He is convinced that, if circumstances were 
more favourable, he would be able to satisfy the demand of the most exacting 
critic. He has found enough continuous series among the mollusca, for 
example, and so many suggestions of equally gradual series among the 
higher animals, that he does not hesitate to believe without further evidence 
in a process of descent with modification. The mere reader of books is 
often misled by the vagaries of nomenclature to suppose that the intervals 
between the links are greater than they are in reality; but for the actual 
student it is an everyday experience to find that fossils of slightly different 
ages which he once thought distinct are linked together by a series of forms 
in which it is difficult to discover the feeblest lines of demarcation. He is 
therefore justified in proceeding on the assumption that in all cases the 
life of one geological period has passed by a natural process of descent into 
that of the next succeeding period; and, avoiding genealogical guesswork 
which proves to be more and more futile, he strives to obtain a broad 
view of the series of changes which have occurred, to distinguish between 
those which denote progress and those which lead to stagnation or extinction. 
When the general features of organic evolution are determined in this 
manner, it will be much easier than it is at present to decide where missing 
links in any particular case are most likely to be found. 

Among these general features which have been made clear by the latest 
systematic researches, I wish especially to emphasise the interest and 
significance of the persistent progress of life to a higher plane, which we 
observe during the successive geological periods. For I think paleontolo- 
gists are now generally agreed that there is some principle underlying this 
progress much more fundamental than chance-variation or response to 
environment, however much these phenomena may have contributed to 
certain minor adaptations. Consider the case of the backboned animals, 
for instance, which I happen to have had special opportunities of studying. 

We are not likely ever to discover the actual ancestors of animals on 
the backboned plan, because they do not seem to have acquired any hard 
skeleton until the latter part of the Silurian period, when fossils prove 
them to have been typical and fully developed, though low in the back- 
boned scale. The ingenious researches and reasoning of Dr. W. H. Gaskell, 
however, have suggested the possibility that these animals originated from 
some early relatives of the scorpions and crustaceans. It is therefore of 
great interest to observe that the Eurypterids and their allies, which occupy 
this zoological position, were most abundant during the Silurian period, 
were represented by species of the largest size immediately afterwards at 
the beginning of the Devonian, and then gradually dwindled into insignifi- 
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cance. In other words, there was a great outburst of Eurypterid life just 
at the time when backboned animals arose; and if some of the former weré 
actually transformed into the latter, the phenomenon took place when their 
powers both of variation and of multiplication were at their maximum. 

Fishes were already well established and distributed over perhaps the 
greater p»rt of the northern hemisphere at the beginning of Devonian 
times ; ani then there began suddenly a remarkable impulse towards the 
production of lung-breathers, which is noticeable not only in Europe and 
North America, but also probably so far away as Australia. In the middle 
and latter part of the Devonian period most of the true fishes had paddles, 
making them crawlers as much as swimmers; many of them differed from 
typical fishes, while agreeing with lung-breathers in having the basis of the 
upper jaw fused with the skull, not suspended ; and some of them exhibited 
both these features. Their few survivors at the present day (the Crosso- 
pterygians and Dipnoans) have also an air-bladder, which might readily 
become a lung. The characteristic fish-fauna of the Devonian period, there- 
fore, made a nearer approach to the land animals than any group of fishes 
of later date ; and it is noteworthy that in the Lower Carboniferous of Scot- 
land—perhaps even in the Upper Devonian of North America, if footprints 
can be trusted—amphibians first appeared. In Upper Carboniferous times 
they became fizmly established, and between that period and the Trias they 
seem to have spread all over the world ; their remains having been found, 
indeed, in Europe, Spitzbergen, India, South Africa, North and South 
America, and Australia. 

The Stegocephala or Labyrinthodonts, as these primitive amphibians are 
termed, were therefore a vigorous race; but the marsh-dwelling habits of 
the majority did not allow of much variation from the salamander pattern. 
Only in Upper Carboniferous and Lower Permian times did some of their 
smaller representatives (the Microsauria) become lizard-like, or even snake- 
like in form and habit; and then there suddenly arose the true reptiles. 
Still, these reptiles did not immediately replace the Stegocephala in the 
economy of Nature; they remained quite secondary in importance at least 
until the Upper Permian, in most parts even until the dawn of the Triassic 
period. Then they began their flourishing career. 

At this time the reptiles rapidly diverged in two directions. Some of 
them were almost exactly like the little Sphenodon, which still survives in 
some islands off New Zealand, only retaining more traces of their marsh- 
dwelling ancestors. The majority (the Anomodonts or Theromorphs) very 
quickly became so closely similar to the mammals that they can only be 
interpreted as indicating an intense struggle towards the attainment of the 
higher warm-blooded grade ; and there is not much doubt that true mammals 
actually arose about the end of the Triassic period. Here again, however, 
the new race did not immediately replace the old, or exterminate it by 
unequal competition. Reptiles held their own on all lands throughout the 
Jurassic and Cretaceous periods, and it was not until the Tertiary that 
mammals hegan to predominate. 

As to the beginning of the birds, it can only be said that towards the 
end of the Triassic period there arose a race of small Dinosaurs of the 
lightest possible build, exhibiting many features suggestive of the avian 
skeleton ; so it is probable that this higher group also originated from an 
intensely restless early community of reptiles, in which all the variations 
were more or less in the right direction for advancement. 

In short, it is evident that the progress of the backboned land animals 
during the successive periods of geological time has not been uniform and 
gradual, but has proceeded in a rhythmic manner. There have been 
alternations of restless episodes which meant real advance, with periods of 
comparative stability, during which the predominant animals merely 
varied in response to their surroundings, or degenerated, or gradually grew 
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to a large size. ‘There was no transition, for instance, between the reptiles 
of the Cretaceous period and the mammals which immediately took their 
place in the succeeding Eocene period: those mammals, as we have seen, 
had actually originated long ages before, and had remained practically 
dormant in some region which we have not yet discovered, waiting to burst 
forth in due time. During this retirement of the higher race the reptiles 
themselves had enjoyed an extraordinary development and adaptation to 
every possible mode of life in nearly all parts of the globe. We do not 
understand the phenomenon—we cannot explain it; but it is as noticeable 
in the geological history of fishes as in that of the land animals just con- 
sidered. It seems to have been first clearly observed by the distinguished 
American naturalist, the late Professor Edward D. Cope, who termed the 
sudden fundamental advances ‘expression points,’ and saw in them a 
manifestation of some inscrutable inherent ‘ bathmic force.’ 

Perhaps the most striking feature to be noticed in each of these ‘ expres- 
sion points’ is the definite establishment of some important structural 
character which had been imperfect or variable before, thus affording new 
and multiplied possibilities of adaptation to different modes of life. In 
the first lung-breathers (Stegocephala), for example, the indefinite paddle 
of the mud fishes became the definite five-toed limb; while the incomplete 
backbone reached completeness. Still, these animals must have been con- 
fined almost entirely to marshes, and they seem to have been all carnivorous. 
In the next grade, that of the reptiles, it became possible to leave the marshes ; 
and some of them were soon adapted not only for life on hard ground or 
in forests, but even for flight in the air. Several also assumed a shape of 
body and limbs enabling them to live in the open sea. Nearly all were 
carnivorous at first, and most of them remained so to the end; but many 
of the Dinosaurs eventually became practically hoofed animals, with a 
sharp beak for cropping herbage, and with powerful grinding teeth. In 
none of these animals, however, were the toes reduced to less than three in 
number, and in none of them were the basal toe-bones fused together as they 
are in cattle and deer. It is also noteworthy that the brain in all of them 
remained very small and simple. In the final grade of backboned life, 
that of the mammals, each of the adaptive modifications just mentioned 
began to arise again in a more nearly perfected manner, and now survival 
depended not so much on an effective body as on a developing brain. The 
mammals began as little carnivorous or mixed-feeding animals with a 
small brain and five toes, and during the Tertiary period they gradually 
differentiated into the several familiar groups as we now know them, 
eventually culminating in man. 

The demonstration by fossils that many animals of the same general 
shape and habit have originated two or three times, at two or three succes- 
Sive periods, from two or three continually higher grades of life, is very 
interesting. To have proved, for example, that flying reptiles did not pass 
into birds or bats, that hoofed Dinosaurs did not change into hoofed 
mammals, and that Ichthyosaurs did not become porpoises; and to have 
shown that all these later animals were mere mimics of their predecessors, 
originating independently from a higher yet generalised stock, is a remark- 
able achievement. Still more significant, however, is the discovery, that 
towards the end of their career through geological time totally different 
races of animals repeatedly exhibit certain peculiar features, which can 
only be described as infallible marks of old age. 

The growth to a relatively large size is one of these marks, as we observe 
in the giant Pterodactyls of the Cretaceous period, the colossal Dinosaurs 
of the Upper Jurassic and Cretaceous, and the large mammals of the 
Pleistocene and the present day. It is not, of course, all the members of 
a race that increase in size; some remain small until the end, and they 
generally survive long after the others are extinct; but it is- nevertheless 
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a conmimon rule that the prosperous and typical representatives are succes: 
sively larger and larger, as we see them in the familiar cases of the horses 
and elephants of the northern hemisphere and the hoofed animals and 
armadillos of South America. . 

Another frequent mark of old age in races was first discussed and clearly 
pointed out by the late Professor C. E. Beecher, of Yale. It is the 
tendency in all animals with skeletons to produce a superfluity of dead 
matter, which accumulates in the form of spines or bosses as soon as the 
race they represent has reached its prime and begins to be on the down- 
grade. Among familiar instances may be mentioned the curiously spiny 
Graptolites at the end of the Silurian period, the horned Pariasaurians at 
the beginning of the Trias, the armour-plated and horned Dinosaurs at the 
end of the Cretaceous, and the cattle or deer of modern Tertiary times. 
The latter case—that of the deer—is specially interesting, because fossils 
reveal practically all the stages in the gradual development of the horns or 
antlers, from the hornless condition of the Oligocene species, through the 
simply forked small antlers of the Miocene species, to the largest and most 
complex of all antlers seen in Cervus sedqwicki from the Upper Pliocene 
and the Ivish deer (C. giganteus) of still later times. The growth of these 
excrescences, both in relative size and complication, was continual and 
persistent until the climax was reached and the extreme forms died out. 
At the same time, although the paleontologist must regard this as a 
natural and normal phenomenon not directly correlated with the habits of 
the race of animals in which it occurs, and although he does not agree 
with the oft-repeated statement that deer may have ‘ perfected’ their 
antlers through the survival of those individuals which could fight most 
effectively, there may nevertheless be some truth in the idea that the growths 
originally began where the head was subject to irritating impacts and that 
they so happened to become of utility. Fossils merely prove that such 
skeletal outgrowths appear over and over again in the prime and approach- 
ing old age of races; they can suggest no reasons for the particular positions 
and shapes these outgrowths assume in each species of animal. 

It appears, indeed, that when some part of an animal (whether an 
excrescence or a normal structure) began to grow relatively large in succes- 
sive generations during geological time, it often acquired some mysterious 
impetus by which it continued to increase long after it had reached the 
serviceable limit. The unwieldy antlers of the extinct Sedgwick’s deer and 
Irish deer just mentioned, for example, must have been impediments rather 
than useful weapons. ‘The excessive enlargement of the upper canine teeth 
in the so-called sabre-toothed tigers (Machwrodus and its allies) must also 
eventually have hindered rather than aided the capture and eating of prey. 
The curious gradual elongation of the face in the Oligocene and Miocene 
Mastodons, which has lately*been described by Dr. Andrews, can only be 
regarded as another illustration of the same phenomenon. In successive 
generations of these animals the limbs seem to have grown continually 
longer, while the neck remained short, so that the head necessarily became 
more and more elongated to crop the vegetation on the ground. <A limit 
of mechanical inefficiency was eventually reached, and then there survived. 
only those members of the group in which the attenuated mandible became 
shortened up, leaving the modified face to act as a ‘proboscis.’ The 
elephants thus arose as a kind of after-thought from a group of quadrupeds 
that were rapidly approaching their doom. 

The end of real progress in a developing race of backboned animals is 
also often marked by the loss of the teeth. A regular and complete set of 
teeth is always present at the commencement, but it frequently begins to 
lack successors in animals which have reached the limit of their evolution, 
and then it soon disappears. Tortoises, for instance, have been toothless 
siuce the Triassic period, when they had assumed all their essential 
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features; and birds have been toothless since the end of Cretaceous times. 
The monotreme mammals of Australasia, which are really a survival from 
the Jurassic period, are also toothless. Some of the latest Ichthyosaurs and 
Pterodactyls were almost or quite toothless ; and I have seen a jaw of an 
Upper Cretaceous carnivorous Dinosaur (Genyodectes) from Patagonia so 
completely destitute of successional teeth that it seems likely some of these 
land reptiles nearly arrived at the same condition. 

Among fishes there is often observable still another sign of racial old 
age—namely, their degeneration into eel-shaped forms. The Dipnoan fishes 
afford a striking illustration, beginning with the normally shaped Dipterus 
in the Middle Devonian, and ending in the long-bodied Lepidosiren and 
Protopterus of the present day. The Paleozoic Acanthodian sharks, as 
they are traced upwards from their beginning in the Lower Devonian to 
their end in the Permian, also acquire a remarkable elongation of the body 
and a fringe-like extension of the fins. Among higher fishes, too, there are 
numerous instances of the same phenomenon, but in most of these the 
ancestors still remain undiscovered, and it would therefore be tedious to 
discuss them. 

Finally, in connection with these obvious symptoms of old age in races, 
it is interesting to refer to a few strange cases of the rapid disappearance 
of whole orders of animals, which had a practically world-wide distribution 
at the time when the end came. Local extinction, or the disappearance of 
a group of restricted geographical range, may be explained by accidents of 
many kinds; but contemporaneous universal extinction of widely spread 
groups, which are apparently not affected by any new competitors, is not 
so easily understood. The Dinosaurs, for instance, are known to have lived 
in nearly all lands until the close of the Cretaceous period; and, except 
perhaps in Patagonia, they were always accompanied until the end by a 
typically Mesozoic fauna. Their remains are abundant in the Wealden 
formation of Western Europe, the deposit of a river which must have 
_drained a great continent at the beginning of the Cretaceous period ; they 
have also been found in a corresponding formation which covers a large 
area in the State of Bahia, in Brazil. They occur in great numbers in the 
freshwater Upper Cretaceous Laramie deposits of Western North America, 
and also in a similar formation of equally late date in Transylvania, 
South-East Europe. In only two of these regions (South-Hast England 
and West North America) have any traces of mammals been found, and they 
are extremely rare fragments of animals as small as rats; so there is no 
reason to suppose that the Dinosaurs suffered in the least from any struggle 
with warm-blooded competitors. Even in Patagonia, where the associated 
mammal-remains belong to slightly larger and more modern animals, these 
fossils are also rare, and there is nothing to suggest competition. The race 
of Dinosaurs seems, therefore, to have died a natural death. The same may 
be said of the marine reptiles of the orders Ichthyosauria, Plesiosauria, and 
Mosasauria. They had a practically world-wide distribution in the seas of 
the Cretaceous period, and the Mosasauria especially must have been 
extremely abundant and flourishing. Nevertheless, at the end of Cretaceous 
times they disappeared everywhere, and there was absolutely nothing to 
take their place until the latter part of the Eocene period, when whales and 
porpoises began to play exactly the same part. So far as we know, the 
higher race never even came in contact with the lower race; the marine 
mammals found the seas vacant, except for a few turtles and for one curious 
Rhynchocephalian reptile (Champsosaurus), which did not long survive. 
Another illustration of the same phenomenon is probably afforded by the 
primitive Carnivora (the so-called Sparassodonta), which were numerous in 
South America in the Lower Tertiary periods. They were animals with a 
brain as small as that of the thylacines and dasyures which now live in 
Tasmania. They appear to have died out completely before they were 
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replaced by the cats, sabre-toothed tigers, and dogs, which came down south 
from North America over the newly emerged isthmus of Panama at the close 
of the Pliocene period. At least, the remains of these old carnivores and 
their immigrant successors have never yet been found associated in any 
geological formation. 

These various considerations lead me to think that there is also deep 
significance in the tendency towards fixity in the number and regularity (or 
symmetry) in the arrangement of their multiple parts which we frequently 
observe in groups of animals as we trace them from their origin to their 
prime. It is well known that in certain of the highest and latest types 
of bony fishes the vertebre and fin-rays are reduced to a fixed and practically 
invariable number for each family or genus, whereas there is no such fixity 
in the lower and earlier groups. In the earliest known Pycnodont fishes from 
the Lower Lias (Mesodon) the grinding teeth form an irregular cluster, 
while in most of the higher and later genera they are arranged in definite 
regular rows in a symmetrical manner. Many of the lower backboned 
animals have teeth with several cusps, and in some genera the number of 
teeth seems to be constant; but in the geological history of the successive 
classes the tooth-cusps never became fixed individual entities readily trace- 
able throughout whole groups, until the highest or mammalian grade had 
been attained. Moreover, it is only in the same latest grade or class that 
the teeth themselves can be treated as definite units, always the same in 
number (forty-four), except when modified by degeneration or special adapta- 
tion. In the earlier and lower land animals the number of vertebre in the 
neck depends on the extent of this part, whereas in the mammal it is almost 
invariably seven, whatever the total length may be. Curiously constant, 
too, in the modern even-toed hoofed mammals is the number of nineteen 
vertebrae between the neck and the sacrum. 

I am therefore still inclined to believe that the comparison of vital pro- 
cesses with certain purely physical phenomena is not altogether fanciful. 
Changes towards advancement and fixity which are so determinate in 
direction, and changes towards extinction which are so continually repeated, 
seem to denote some inherent property in living things which is as definite 
as that of crystallisation in inorganic substances. The regular course of 
these changes is merely hindered and modified by a succession of checks from 
the environment and Natural Selection. Each separate chain of life, indeed, 
bears a striking resemblance to a crystal of some inorganic substance which 
has been disturbed by impurities during its growth, and has thus been 
fashioned with unequal faces, or even turned partly into a mere concretion. 
In the case of a crystal the inherent forces act solely on molecules of the 
crystalline substance itself, collecting them and striving, even in a disturbing 
environment, to arrange them in a fixed geometrical shape. In the case of 
a chain of life (or organic phylum) we may regard each successive animal as 
a temporary excrescence of colloid substance round the equally colloid germ- 
plasm which persists continuously from generation to generation. The 
inherent forces of this germ-plasm, therefore, act upon a consecutive series 
of excrescences (or animal bodies) struggling, not for geometrically arranged 
boundaries, but towards various other symmetries, and a fixity in number 
of multiple parts. When the extreme has been reached, activities cease, and 
sooner or later the race is dead. 

Such are some of the most important general results to which the study 
of fossils has led during recent years ; and they are conclusions which every 
new discovery appears to make more certain. When we turn to details, 
however, it must be admitted that modern systematic researches are con- 
tinually complicating rather than simplifying the problems we have to solve. 
Professor Charles Depéret has lately written with scant respect of some of 
the pioneers who were content with generalities, and based their conclusions 
on the geological succession of certain anatomical structures rather than on 
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@ successive series of individuals and species obtained from the different 
layers of one geological section ; but even now I do not think we can do much 
better than our predecessors in unravelling real genealogies. At least Pro- 
fessor Depéret’s genealogical table of the Lower Tertiary pig-like Anthra- 
cotheriide, which he publishes as an illustration of ‘ évolution réelle,’ seems 
to me to be no more exact than several tables of other groups by previous 
authors which he criticises. His materials are all fragmentary, chiefly jaws 
and portions of skulls; they were obtained from several isolated lake- 
deposits, of which the relative age cannot be determined by observing the 
geological superposition ; and they represent a group which is known to 
have lived over a large part of Europe, Asia, Northern Africa, and North 
America. There is therefore no certainty that the genera and species 
enumerated by Professor Depéret actually originated one from the other in 
the region where he happened to find them ; he has demonstrated the general 
trend of certain changes in the Anthracotheriidw during geological time, but 
really nothing more. 

Eyen when a group of animals seems to have been confined to one com- 
paratively small region, where the series is not complicated by migration to 
and from other parts of the world, modern research still emphasises the 
difficulty of tracing real lines of descent. The primitive horned hoofed 
animals of the family Titanotheriide, for example, are only known from 
part of North America, and they seem to have originated and remained 
there until the end. As their fossil skeletons are abundant. and well 
preserved, it ought to be easy to discover the exact connections of the 
several genera and species. Professor Osborn has now proved, however, that 
the Titanotheres must have evolved in at least four distinct lines, adapted 
‘for different local habitat, different modes of feeding, fighting, locomotion, 
&c., which took origin, in part at least, in the Middle or Upper Kocene.’ 
They exhibit ‘four distinct types in the shape and position of the horns, 
correlated with the structure of the nasals and frontals, and indicative of 
different modes of combat among the males.’ The ramifications of the group 
are indeed so numerous that the possibility of following chains of ancestors 
begins to appear nearly hopeless. 

Among early reptiles the same difficulties are continually multiplied by 
the progress of discovery. About twenty years ago it began to appear likely 
that we should soon find the terrestrial ancestors of the Ichthyosauria in the 
Trias; and somewhat later a specimen from California raised hopes of 
obtaining them by systematic explorations in that region. During more 
recent years Professor J. C. Merriam and his colleagues have actually made 
these explorations, and the result is that we now know from the Californian 
Trias a multitude of reptiles, which need more explanation than the 
Ichthyosauria themselves. Professor Merriam has found some of the links 
predicted between Ichthyosaurs and primitive land reptiles, but he has by 
no means reached the beginning of the marine group; and while making 
these discoveries he has added greatly to the complication of the problem 
which he set out to solve. 

Serious difficulties have also become apparent during recent years in 
determining exactly the origin of the mammals. For a long time after the 
discovery of the Anomodont or Theromorph reptiles in the Permian-Trias 
of South Africa, it seemed more and more probable that the mammals arose 
in that region. Even yet new reptiles from the Karoo formation are con- 
tinually being described as making an astonishingly near approach to 
mammals; and, so far as the skeleton is concerned, the links between the 
two grades are now very numerous among South African fossils. Since these 
reptiles first attracted attention, however, they have gradually been found in 
the Permian and Trias of a large part of the world. Remains of them were 
first met with in India, then in North America, and next in Scotland, while 
during the last few years Professor W. Amalitzky has disinterred so many 
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nearly complete skeletons in the north of Russia that we are likely soon 
to learn more about them from this European country than from the South 
African area itself. Quite lately I have received numerous bones from a 
red marl in Rio Grande do Sul, Southern Brazil, which show that not merely 
Anomodonts, but also other characteristic Triassic land reptiles were likewise 
abundant in that region. We are therefore now embarrassed by the richness 
of the sources whence we may obtain the ancestors of mammals. Whereas 
some years ago it appeared sufficient to search South Africa for the solution 
of the problem, we are now uncertain in which direction to turn. We are 
still perhaps inclined to favour the South African source; but this is 
only because we know nothing of the Jurassic land animals of that part of 
the world, and we cherish a lingering hope that they may eventually 
prove to have included the early mammals for which we have so long sought 
in vain. 

The mystery of the origin of the marine mammals of the order Sirenia 
and Cetacea appears to have been diminished by the discoveries of the 
Geological Survey of Egypt, Dr. Andrews, and Dr. Fraas in the Eocene 
and Oligocene deposits of the Mokattam Hills and the Fayum. It is now 
clear that the Sirenians are closely related to the small primitive ancestors 
of the elephants ; while, so far as the skull and dentition are concerned, we 
know nearly all the links between the early toothed whales (or Zeuglodonts) 
and the primitive ancestors of the Carnivora (or Creodonts). The most primi- 
tive form of Sirenian skull hitherto discovered, however, is not trom Egypt, 
but from the other side of the world, Jamaica; and exactly the same 
Zeuglodonts, even with an associated sea-snake, occur so far away from 
Egypt as Alabama, U.S.A. The problem of the precise origin of these 
marine mammals is therefore not so simple as it would have appeared 
to be had we known only the Egyptian fossils. The progress of discovery, 
while revealing many most important generalities, has made it impossible 
to vouch for the accuracy of the details in any ‘ genealogical tree.’ 

Another difficulty resulting from the latest systematic researches is sug- 
gested by the extinct hoofed mammals of South America. The llamas, deer, 
and peccaries existing in South America at the present time are all immi- 
grants from the northern continent ; but during the greater part of the 
Tertiary period there lived in that country a large number of indigenous 
hoofed mammals, which originated quite independently of those in other 
regions. They seem to have begun in early Eocene times much in the same 
manner as those of the northern hemisphere ; but as they became gradually 
adapted for life on hard ground, they formed groups which are very different 
from those with which we are familiar in our part of the world. Some of 
them (Proterotheriidz) were one-toed mimics of the horses, but without the 
advanced type of brain, the deepened grinding teeth, the mobile neck, or the 
really effective wrist and ankle. Others (Toxodontides) made some approach 
towards rhinoceroses in shape and habit, even with a-trace of a horn on the 
nose. Until their independent origin was demonstrated, these curious 
animals could not be understood ; and it is probable that there are innumer- 
able similar cases of parallel development of groups, by which in our 
ignorance we are often misled. 

It would be easy to multiply instances, but I think I have now said 
enough to show that every advance in the study of fossils reveals more 
problems than it solves. During the last two decades the progress in our 
knowledge of the extinct backboned animals has been truly astonishing, 
thanks especially to the great explorations in North America, Patagonia, 
Egypt, Madagascar, and South Africa. Whole groups have been traced a 
long way towards their origin ; but with them have been found a number 
of previously unknown groups ‘which complicate all questions of evolution 
to an almost bewildering extent. Animals formerly known only by frag- 
ments are now represented by nearly complete skeletons, and several which 
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appeared to have a restricted geographical range have now been found over 
a much wider area ; but while this progress has been made, numerous ques- 
tions have arisen as to the changing connections of certain lands and seas 
which previously seemed to have been almost settled. The outlook both of 
zoology and of geology has, therefore, been immensely widened, but the only 
real contribution to philosophy has been one of generalities. Some of the 
broad principles to which I have referred are now so clearly established 
that we can often predict what will be the main result of any given explora- 
tion, should it be successful in recovering skeletons. We are no longer bold 
enough to restore an entirely unknown extinct animal from a single bone 
or tooth, like the trustful Cuvierian school; but there are many kinds of 
bones and teeth of which we can determine the approximate geological age 
and probable associates, even if we have no exact knowledge of the animals 
to which they belong. A subject which began by providing material for 
wonder-books has thus been reduced to a science sufficiently precise to be 
of fundamental importance both to zoology and to geology ; and its exacti- 
tude must necessarily increase with greater and greater rapidity as our 
systematic researches are more clearly guided by the experience we have 
already gained. 


The following Papers were then read :— 


1. The Geology of Western Canada. By J. B. Tyrreny, M.A. 


Beginning at the Archean granites and gneisses which outcrop about 
forty miles east of the City of Winnipeg, and, proceeding westward, flat- 
lying sandstones of Chazy age from 20 to 100 feet in thickness are first 
met with, overlying which are about 300 feet of Trenton limestones, in 
many places rich in fossils. The limestone so commonly used in the City of 
Winnipeg is from one of the higher beds in this formation. 

These limestones are conformably overlain by reddish shaly beds, also 
rich in fossiis, which here form the summit of the Ordovician series. These 
are well shown at Stony Mountain, a few miles north-west of this city. 

Overlying these are about 100 feet of porous and cavernous dolomites, 
particularly interesting to the people of- Winnipeg, as they are the rocks 
which carry the artesian water for the city from its high collecting ground 
between Lakes Winnipeg and Manitoba to the wells, from which it is 
pumped for the use of the citizens. 

These rocks are shown in the quarry at Stonewall, but fossils are not 
at all common in it. 

Overlying the Silurian dolomites are from 300 to 400 feet of shales, 
dolomites, and limestones of Devonian age. 

All these beds, from the base of the Ordovician to the top of the 
Devonian, are conformable, and represent a continuous sedimentation, there 
being no break whatever in the series. It is not improbable that the series 
may even run up into the Carboniferous, but, if so, the higher Paleozoic 
rocks are now buried under later sediments. 

After Devonian, or perhaps Carboniferous, times a period of erosion 
commenced, and continued until well on into the Cretaceous age, when the 
whole country from the edge of the Archean westward was depressed 
beneath the ocean, and sandstones, and afterwards clays and calcareous 
shales, were deposited on its floor. These beds have been named in 
ascending order Dakota, Benton, -Niobrara, Pierre (subdivided into 
Millwood and Odanah series, with the Belly River sandstones dividing it 
in the west), and Laranic. 

The latter seems to be a transition series between the Cretaceous and 
Eocene, but it has heen subdivided into a lower (Edmonton) formation 
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with a prominently Cretaceous fauna of Dinosaurs, &c., and an upper 
(Pascapo) formation with a prominently Eocene fauna and flora. 

These Cretaceous and Eocene beds underlie the great plains from 
Portage la Prairie in the east to the foot-hills of the Rocky Mountains in 
the west, and throughout this distance they have a practically horizontal 
attitude. But they become thicker as they approach the Rocky Mountains. 

At the eastern flank of the mountains they are broken by a great reverse 
fault, and are overridden by limestones, &c., of Devono-Carboniferous age, 
which thus form the eastern escarpment of the mountains, while farther 
west they are included in the folds of the mountains themselves. The great 
coal areas in the mountains are of Lower Cretaceous age. 

Farther west, along the line of the Canadian-Pacific Railway through 
British Columbia, rocks of various ages, from Archean up to Tertiary, 
may be seen; but it will be more interesting to point them out as we pass 
them on our special train than to attempt any description here. 


2. The Distribution of the Ice Sheets in Western Canada. 
By Dr. A. P. CoLEMAN. 


The Ice Age began. in Canada by the extension of mountain glaciers 
in the Cordilleran region till the valleys were occupied and the ice flowed 
out upon the plains. When this ice-sheet retreated, the ice began to 
spread from the Keewatin centre, covering the plains and reaching nearly 
the foot of the mountains. In former maps of the western glaciation a 
strip was left uncovered along the eastern edge of the mountains; but it 
has been found by recent work that this is not correct, since the older 
boulder-clay from the mountains underlies the later till from the Keewatin 
Archean region. 

At present the Keewatin centre is 2,000 or 3,000 feet lower than the 
position of Archean boulders in the foot-hills of the Rockies. The 
altitudes of the different areas may have been different when the Keewatin 
ice did its work, though the region was probably not at sea-level. Many 
of the far-western erratics were transported by floating ice on ice-dammed 
lakes during the retreat of the Keewatin Glacier. 


3. The Glacial Lake Agassiz. By Warren Upnam, A.M., D.Sc. 


During the final melting of the North American ice-sheet a glacial lake, 
held by its barrier in the basin of the Red River and Lake Winnipeg, 
extended from Lake Traverse, on the west side of Minnesota, northward 
to the Saskatchewan and Nelson Rivers, and eastward on the international 
boundary to and somewhat beyond Rainy Lake. It attained thus an area 
of about 110,000 square miles, exceeding the combined areas of the five great 
lakes tributary to the St. Lawrence River. This glacial lake, named in 
1879 Lake Agassiz, bad a southwardly flowing outlet, called the Glacial River 
Warren, which took the course of the present Minnesota River, joining the 
Mississippi at Fort Snelling. 

Beach ridges of sand and gravel, a few feet high, traced by levelling 
along about 800 miles of the highest shore of Lake Agassiz, mark its stage 
of greatest extent; and other similar beaches, at many successive lower 
levels, record later stages of the lake, reduced in height by erosion of a deep 
channel along the course of the outflowing river. After the recession of the 
ice-sheet permitted drainage from the glacial lake north-eastward into 
Hudson Bay, still lower beaches were formed, until the complete uncovering 
of the area crossed by the Nelson River reduced Lake Agassiz finally to its 
present representative, Lake Winnipeg, 
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_ In its earliest. and highest stage, Lake Agassiz was nearly 200 feet deep 
above Moorhead and Fargo; a little more than 300 feet deep above Grand 
Forks and Crookston; about 450 feet above Pembina, St. Vincent, and 
Emerson ; more than 500 feet above the site of the city of Winnipeg; and 
about 500 and 600 feet respectively above Lakes Manitoba and Winnipeg. 
The length of Lake Agassiz is estimated to have been nearly 700 miles, and 
its greatest width more than 200 miles. 

Reports on the explorations of this ancient lake have been published by 
the Geological Surveys of Minnesota, the United States, and Canada. In 
the present paper the latest explanations are reviewed to account for the 
northward ascent of its beaches. 

The highest and earliest beach or shore-line has an ascent of about a 
foot per mile toward the north-north-east ; the lower and later shores ascend 
less ; and the lowest shore, marked by beaches only 60 to 70 feet above Lake 
Winnipeg, are almost perfectly horizontal. It is thus known that the land 
was being uplifted differentially while Lake Agassiz existed, and that the 
uplift was nearly completed before the ice-sheet was wholly melted away. 

The chief cause of the uplift is thought to be the unburdening of the 
land by the removal of the vast weight of the ice-sheet, this part of the 
earth-crust being restored to equilibrium or isostasy by an inflow of the 
plastic magma at a great depth within the earth, which took place during 
the time of departure of the ice. 

Measures of the shore erosion and beach accumulation indicate that the 
duration of Lake Agassiz was only about 1,000 years ; and from the rate of 
recession of the Falls of St. Anthony, forming the gorge of the Mississippi 
River between Fort Snelling and Minneapolis, the length of the Postglacial 
period is estimated to be between 6,000 and 10,000 years. 


4. The Rainfall Run-off Ratio in the Prairies of Central North America. 
By Professor E. F. CHANDLER. 


A brief definition of terms was given in connection with the division 
of rainfall, into ‘evaporation’ and ‘run-off.’ The river-flow, or run-off, 
is the residual remaining from the total precipitation after the demands 
of evaporation and plant-growth are supplied. 

A summary was furnished of results secured from the systematic 
measurements of the rivers of the northern United States that have been 
maintained continuously for the past six years. In the Red River valley 
prairies the mean annual rainfall is from 15 to 25 inches. Kvaporation 
from the soil and from vegetation consumes here nearly the whole of the 
rainfall; the remainder that enters the streams is but a small fraction— 
3 to 20 per cent. of the whole—its amount depending on the quantity 
and distribution of the rainfall. This condition was contrasted with 
other regions where the rainfall is greater so that the run-off is half 
or three-fourths or more of the rainfall, or where the precipitation is less 
fortunately distributed through the seasons so that vegetation is unable 
to secure so great a portion. 


FRIDAY, AUGUST 27, 
The following Papers and Report were read :— 


1. The Bearing of Pre-Cambrian Geology on Uniformitarianism, 
By Dr. A. P. CoLeman. 


Pre-Cambrian rocks cover an enormous area in Canada and furnish pro- 
bably as complete a series as any part of the world. Except for the lack of 


474 TRANSACTIONS OF SECTION C. 


fossils and a more or less considerable amount of metamorphism, they scarcely 
differ in character from later formations. They include great thicknesses of 
conglomerate arkose, quartzite and slate, evidently laid down by water; and 
the Lower Huronian basal conglomerate has all the features of boulder clay 
formed by a great ice-sheet. The extensive development of limestone and 
carbonaceous slate suggests life. The eruptive rocks found with the Kee- 
watin and Huronian sediments are mainly of surface volcanic origin, lava 
streams and ash rocks. 

If the oldest known rocks are of the character just stated, the evidence for 
uniformity in the world’s history is very strong. There is no geological proof 
that the earth was hotter in the earliest times than at present; so that the 
common form of the Nebular Hypothesis receives no support from geology, 


2. The Pre-Cambrian Rocks of Canada. By Professor W. G. Muuirr. 


At the Toronto meeting in 1897, Dr. George M. Dawson, in his Presi- 
dential Address to Section C, summarised the knowledge of the Canadian 
pre-Cambrian. Since that time considerable progress has been made in 
deciphering the history of these ancient rocks. In 1904 an international 
committee, consisting of representatives of the United States and Canadian 
Geological Surveys, visited typical areas on both sides of the international 
boundary in the Lake Superior region. In 1906 a similar committee 
visited south-eastern Ontario and the Adirondack district in the New York 
State. The result of the work of both committees is that the same system 
of age classification is followed in both countries. The most ancient 
pre-Cambrian rocks, which consist of various voleanic types, greenstone 
now being the most characteristic, is known as the Keewatin. This volcanic 
series is cut through by granite and gneiss, to which the name Laurentian 
is applied. The Keewatin-Laurentian complex represents in Canada the 
Lewisian of Britain. After the intrusion of the Laurentian into the 
Keewatin, both were subjected to long-continued erosion, giving rise to 
conglomerates, greywackes, quartzites, arkoses, &c., now classed as 
Huronian. Three divisions, separated by unconformities, are recognised 
in the Huronian (Lower, Middle, and Upper or Animikie). The Huronian 
and Keweenawan may be said to correspond to the Torridonian of Scotland. 

A series of conglomerates, sandstones, and marls, cut by great sills of 
trap, overlie the Huronian in the Lake Superior region. This series is 
known as the Keweenawan, and was classed as pre-Cambrian by the Inter- 
national Committee, although some workers in the field are inclined to 
group it with the Cambrian. 

The following table , shows the age classification of these rocks in 
descending order now recognised in Central Canada :— 


Keweenawan. 
(Unconformity.) 


| Upper or Animikie. 


1an 


Middle. 
Lower. 

(Great unconformity.) 
Laurentian. 

(Intrusive contact.) 
Keewatin. 


The International Committee of 1906 decided, as did earlier workers, 
that the Grenville and Hastings series are one and the same,°and that 


the term Hastings should be dropped.* 
Other workers in the field hold different views, and believe that the 


Huron 


* Journal of Geology, Chicago, May 1907. 
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Grenville limestones represent chemical precipitates from the Keewatin 
ocean, and that these rocks should be placed below the great unconformity 
which separates the Huronian from the Keewatin-Laurentian complex. 
They place the Hastings series of Eastern Ontario with the Huronian of 
Western Ontario.* 

The pre-Cambrian is being proved to be of more economic importance 
than it was formerly supposed to be. The great Sudbury and Cobalt ore 
deposits are found in these rocks, and promising indications of minerals 
of economic value are found widely extended over the area occupied by 
these rocks, which underlie at least one-half of the 3,756,000 square miles 
embraced in Canadian territory.” 


3. Report on the Erratic Blocks of the British Isles. 
See Reports, p. 169. 


4.An Outline of the Glacial Geology of Britain, illustrative of the 
Work of the Committee on Erratic Blocks. By A. R. Dwerry- 
House, D.Sc. 


5. The Glacial Phenomena of South Wales. 
By Avuprey Strawn, Sc.D., F.R.S. 


South Wales includes part of the southern margin of the glaciation 
of the British Isles. In the eastern part of the coalfield the drift has been 
transported southwards, nearly, but not quite, to the shore of the Bristol 
Channel. It contains great quantities of Old Red boulders from Brecknock, 
and it crossed the escarpments of lower Carboniferous rocks principally 
by way of the larger valleys. In the more central part of the coalfield the 
valleys trend south-westwards, and here also formed the channels by 
which Brecknock drift crossed the Carboniferous tract. The ice-sheet, 
however, was of sufficient magnitude to override all but the highest hills, 
to ignore sinuosities in the valleys, and to overflow from one valley into 
another. A part of the Pennant scarp, where it rises to a height of 
2,000 feet, formed locally an insuperable obstacle, but the distribution of 
boulders, and the strise prove that the Brecknock ice swept round it and 
reunited to the south of it. The drift of the central region rests upon 
a preglacial raised beach lying at about 15 to 20 feet above the present 
beach, and containing many shells of recent species. The western part 
of South Wales was occupied by ice which moved from north-west to 
south-east, and brought boulders from Pembrokeshire some miles up the 
Bristol Channel. This drift, which alone moved from sea landwards, is 
the only South Wales glacial deposit which contains shell-fragments among 
its boulders. It may be generally inferred that the continental shelf of 
which the British Isles form part should be considered in connection with 
the movements of the ice-sheets rather than the configuration of the land. 
That the shallow Irish Sea must have been occupied by ice is clear, not 
only near South Wales, but off the coast of North Wales. Too much 
importance also might easily be attributed to the Brecknock hills as a 
source of glaciation. Their effect, like that of the Pennant scarp referred 
to, may have been local. 


1 Geol. Soc. Am., 1907, and 17th Report, Bureau of Mines, Ontario. 
2 Journal Can. Mining Institute, 1909. 
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6. Preliminary Nole on the Classification of the Permian of the North- 
East of England. By Davin Wootacort, D.Sc., F.G.S. 


Sedgwick, Howse, and King classified the Permian according to the 
nature of its stratification or of the structures occurring in it; but as the 
bedding of the different divisions is often alike, and as the structures— 
whether concretionary, brecciated, pseudo-brecciated, or cellular—are not 
confined to particular horizons, divisions named on this basis are mis- 
leading and unsatisfactory. The use of the term ‘ fossiliferous’ to mark 
off a division is also inadmissible. In the following classification the 
limestone is typically developed at the place the name cf which is used to 
designate a group of strata. The divisions in descending order are :— 

Middlesbrough Red Beds with Salt.—Red marls, marly sandstones and 
lenticular beds of salt, anhydrite and gypsum with fcetid fossiliferous mag- 
nesian limestones. 300 feet. 

Roker Limestone.—Yellow limestone, regularly bedded ; some beds com- 
pact, others formed of minute hollow spheres. 100 feet. 

Fulwell Rocks.—Bedded yellowish and brownish concretionary (of 
various types) and non-concretionary limestones, in places highly fractured 
and brecciated ; cemented crush-breccia occurs locally. Base often much 
disturbed by beds from below being forced into it, and by falling of lower 
layers into fissures and gashes. Irregular beds of amorphous marl are 
associated with these beds. Two fossiliferous horizons occur; one of fish 
remains at Fulwell, and the other of invertebrata at Byers Quarry. 150 to 
200 feet. 

Marsden Rocks.—Bedded yellow and brown limestones, slightly concre- 
tionary in places. Irregular masses of white limestone resembling Mountain 
Limestone occur. Brecciated beds (cemented crush-breccias) occur at 
different horizons: in places highly folded and fractured, but sometimes 
little disturbed. Breccia-fissures and breccia-gashes are found principally 
in this division. It is sometimes ‘ cellular,’ due to solution of fragments 
out of cementing material of brecciated beds. This horizon has been a zone 
of thrusting, the amount of brecciation being determined by the relative 
compressive strength and rigidity of the strata. A flexible limestone occurs 
near the top of this division. 150 to 200 feet. 

Claxheugh Limestone.—Yellow, earthy, friable, and crystalline lime- 
stone. Generally unbedded, in places very fossiliferous, sometimes brec- 
ciated (crush-breccia) and highly fractured. Its upper surface is very 
irregular. Some of the brecciated beds between Frenchman’s Bay and 
Marsden, on Tynemouth Cliff, and at Blackhall Rocks are included in this 
division. Outcrops roughly parallel to coast as a continuous band. 
Brachiopods and most of the other genera of Permian fossils stop at this 
horizon in Durham. 50 feet. 

Houghton Limestone.—Regularly bedded, thinly at base, more coarsely 
above. Top layers often highly displaced and tilted up; in one or two 
places it is entirely thrust out of position. Thickens greatly from north 
to south of county, and width of outcrop increases. Often full of geodes, 
10 to 400 feet. ; 

(The greatest thickness of magnesian limestone obtained by boring is 
about 800 feet.) 

Marl Slate.—Greyish, yellowish-brownish, and blackish arenaceous and 
argillaceous laminated limestone. Numerous fish remains. Three or four 
feet thick. 

Thin band of calcareous clay a few inches thick. 

Yellow Sands.—An incoherent sandstone generally yellow along outcrop, 
occasionally variegated (iron oxides and manganese dioxide). In pit 
sections often greyish or bluish. Very variable in thickness. Top originally 
regular, but floor on which it rests irregular. Generally false-bedded, 
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although in places, especially near the top, it is regularly bedded. Grains 
rounded. 0 to 150 feet. 


7. New Faunal Horizons in the Bristol Coal-field. 
By Hersert Bouton, F.R.S.E., F.G.S. 


The well-known rarity of animal remains in the Bristol coal-field is 
proving to be due rather to the concealment of the measures beneath newer 
rocks than to any actual absence of fossils. 

In 1906-7 the writer determined the existence of four horizons each 
possessing a marine fauna, between the top of the Millstone Grit and the 
lowest workable seam in the Ashton district ; and further work upon the 
beds lying above the Bedminster seam at South Liberty Colliery, Bedminster, 
and at Coalpit Heath in the north of the basin, has proved the occurrence 
of others. 

A section at South Liberty Colliery is as follows :— 


Feet. 
Strata ... are ear thy 5c so Bos ee 127-4 
Black Shale with Anthracomya ... Bic so: ae 4:11 
Strata ... aaa As faz ar ae ALE te 337°8 
Grey Shale with Anthracomya ... oes she ae 3-7 
Strata ... dae 265 ae aie me nae as 2:0 
Dark grey Shale with shells “ae ie “ae sae 28 
Strata ... ane Aine Si =oe ore nee Hie 150:0 
Black shell-bearing Shale ... ps as neo re "3°6 
Strata ... des one mee Sit wi. oes od 134-4 
Bedminster Seam .., nO. foc aoe Sct ate 30 


At Coalpit Heath, a black shale forming the roof of the High Vein 
(Hollybush Vein of Parkfield) has proved exceptionally rich in specimens 
of Leaia Leidyi var. Salteriana, whilst Estheria cf. tenella, and Anthra- 
comya Phillipsi also occur. 


8. Description of the Avon Section, Bristol, in illustration of Dr. A. 
Vaughan’s Work on the English Carboniferous Limestone. By 
Professor S. H. Reynoups, M.A. 


9, Lithology of the Carboniferous Limestone of Burrington Coombe, 
Somerset. By Professor 8. H. Reynoups, M.A. 


10. Unconformities on Limestone and their Contemporaneous Pipes 
and Swallow-holes. By E. EB. L. Dixon, B.Sc., F.G.S. 


Caleareous rocks differ from other commonly occurring types in being 
appreciably soluble in atmospheric waters, and, in consequence, being eroded 
along underground channels where situated above saturation-level. Thus 
it is that one of their most striking physiographic characteristics is the 
occurrence in them of numerous caves and swallow-holes, of all sizes and 
shapes, often containing either debris of overlying rocks or deposits formed 
in them in situ. It is the purpose of this note to draw attention to the 
way in which this characteristic is reflected in the nature of certain uncon- 
formable junctions of limestones with younger rocks. 

Unconformities may be divided, for our purpose, into two groups. In 
the first the underlying rocks have an approximately plane upper surface, 
the plane of the unconformity, and have evidently been base-levelled, by 
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either marine denudation or peneplanisation, before the deposition of the 
upper set upon them. With this group any limestones which occur below the 
unconformity appear to be devoid of pipes or swallow-holes contemporaneous 
in origin with the plane of the unconformity. Example: the junction of 
the Carboniferous Limestone with Triassic or Jurassic formations at most 
places, such as Upper Vobster, in the Bristol district, already described by 
many authors. 

In the second group the rocks below the unconformity have not been 
maturely eroded before the deposition of those above, and the junction may 
in consequence be very uneven. Where the underlying rock is limestone the 
unevenness becomes most marked, for there the junction is complicated by 
pipes and swallow-holes contemporaneous with the unconformity and filled 
with material similar to that of the overlying formation, which has been 
deposited in them in situ. An example in which the: unconformity, and 
consequently the piping, has been but slight is afforded by the junction of 
the upper and lower subzones of the Syringothyris-zone of the Carboniferous 
Limestone—i.e. by the mid-Avonian unconformity—at West Williamston, 
in Pembrokeshire.* There the basement-bed of the upper subzone fills pipes, 
up to 8 feet deep, in the upper part of the Caninia-oolite (the top of the 
lower subzone) below, the evidently undisturbed state of both the in-filling 
and the rest of the basement-bed above showing that the pipes have been 
formed before the deposition of the upper subzone. At a short distance 
from West Williamston the pipes in the oolite disappear as we approach 
the area characterised by continuous deposition of the Avonian; but at 
Pendine,’ in the opposite direction, where the unconformity in the middle 
of this formation is greater than at West Williamston, the piping has 
extended for a greater depth into the limestones below. 

A still more advanced stage of solution-erosion is shown by the Car- 
boniferous Limestone at Ifton, in Monmouthshire, near Severn Tunnel 
Junction. The unconformity in this case occurs between the Carboniferous 
Limestone and the Millstone Grit; in the former have been eroded large 
steep-sided cavities, comparable only with swallow-holes, as well as small 
pipes resembling those at West. Williamston, and both swallow-holes and 
pipes have been filled with an original deposit of Millstone Grit. This 
occurrence is the more interesting because the Carboniferous Limestone and 
the Millstone Grit have subsequently been covered up with Trias, but the 
junctions of both with the latter form an even surface, evidently a base- 
levelled plane, below which there are no contemporaneous—i.e. Triassic— 
pipes in the limestone. 

Finally, an extreme case of solution-erosion preceding unconformable 
deposition on limestone is afforded by huge breccia-filled cavities in the 
Carboniferous Limestone of Pembrokeshire.’ These cavities often extend 
from top to bottom of cliffs ranging up to more than 100 feet in height, and 
in some cases continue horizontally for over 100 yards. They are almost 
completely filled with blocks of limestone, of all sizes up to masses weighing 
hundreds of tons, which have fallen from the roof and sides, but also contain 
a little interstitial Triassic material zm situ. The formation of the cavities; 
therefore, preceded the deposition of the Trias, and took place during the 
long period represented by the great unconformity between the latter and 
Carboniferous rocks. In this district, most, if not all, of the succeeding 
younger formation (the Trias), deposited on the upper surface of the lime- 
stone, has been removed, but there is evidence that that surface was a base- 
levelled plane. This belief, however, does not invalidate the conclusion that 


1 ‘Summary of Progress’ for 1906 (Mem. Geol. Surv.), 1907, p. 55. 

2 ‘Summary of Progress’ for 1902 (p. 43), 1904 (p. 44), and 1905 ( (p. 58); and 
‘The Country around Carmarthen’ (in the press), Mem. Geol. Surv. 

3 ‘Summary of Progress’ for 1904 (Alem. Geol. Surv.), 1905, pp. 46-47. 
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such planes are devoid of contemporaneous swallow-holes, because the plane 
which is believed to have existed in this case must have truncated some of 
the breccia-filled cavities, and therefore have been of later origin. 


MONDAY, AUGUST 30, 


The following Papers and Reports were read :— 


1. Gold and Silver Ores of Canada. By Professor W. G. Minuer. 


It is only during recent years that mining in Canada has become 
important. In the central part of the Dominion the people had been 
educated in the belief that the country was essentially agricultural, and 
the mining industry was neglected. The successful development of 
Sudbury and the discovery at the end of 1903 of the far-famed Cobalt had 
created changed conditions, and mining was now getting its fair share 
of attention. The Province of Ontario has two mining schools, and liberal 
appropriations are annually made by the Legislature for geological and 
other work done to advance the mining industry. ; 

Half of Canada is underlain by the most ancient of rocks, the Pre- 
Cambrian.. The small point of these rocks that extends into the United 
States had made that country the world’s leader in the iron industry. 
In this formation were also found the immense copper deposits of Michigan. 
On the northern side of the boundary line, Cobalt and Sudbury are in 
the Pre-Cambrian series, and it is not too much to expect that when 
Canada’s hinterland is prospected numerous Sudburys and Cobalts will 
be found. 

Sudbury to-day is turning out over half the world’s supply of nickel 
and cobalt, about a sixth of the world’s output of silver, besides producing 
in cobalt a metal which resembles nickel in many respects. Quebec 
produces over 80 per cent. of the world’s asbestos, and corundum is found 
in larger quantities in Canada than elsewhere. 

Gold has been found in large quantities in British Columbia and the 
Yukon. In the height of the Yukon’s prosperity, Canada stood third 
among the world’s producers of gold. Lode mining for gold has become a 
well-established industry in British Columbia. The gold of the province is 
found in smelting ores mixed with copper pyrites and pyrrhotite, and also 
in essentially free melting ores. 

In the region lying between the western boundary of Ontario and the 
eastern boundary of British Columbia the production of gold has been 
small, and has been found in placers; but discoveries of gold have recently 
been made in the district tributary to Prince Albert. In Ontario there 
is gold found in Hastings county and Temagami associated with arsenic, 
and in other places it is found in quartz or associated with iron pyrites. 
In Northern Qiebec it is found in deposits smaller than those of 
Ontario, while in the southern part of Quebec it has been worked in placers. 
In Nova Scotia rich free milling ores are found in narrow veins. 
British Columbia and Ontario are the silver-producing provinces. The 
Cobalt region has yielded very rich veins of silver, and adjoining districts 
are opening out valuable workings. Little prospecting has been done as yet 
in the territory between Cobalt and Port Arthur. 


2. Copper and Nickel Deposits of Canada. By Dr. A. P. CoLeman. 


Copper is widely found in Canada, especially in Southern British 
Columbia and in Ontario. In the latter province the copper now mined, 
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is associated with nickel. The nickel mines of Ontario, which produce 
more than half the nickel of the world, are all connected with a great 
eruption sheet a mile and a quarter thick, thirty-seven miles long, and 
seventeen miles wide. The deposits all occur at the margin of the sheet in 
depressions beneath it or in offset deposits pushing out into the country rock. 

The nickel eruption, norite on the lower side, merging into micro- 
pegmatite on the upper side, is really a laccolithic sill bent into a synclinal 
shape by the collapse of the Archean rocks beneath when the molten matter 
ascended to its present position. 


3. Iron Deposits of Canada. By Professor W. G. Minter. 


Canada’s iron industry is not yet a large one, but it is making satis- 
factory progress. One centre of the iron-smelting industry is at 
Sydney, B.C., but there are smelting industries in a number of other places. 
The chief productive iron ranges of Ontario are at Michipicoten, at Moose 
Mountain near Sudbury, and at Bessemer in Eastern Ontario. The Lake 
Superior mines have made the United States the leaders in this industry, 
but similar iron ranges are found in Canada from the Lake Superior 
region eastwards to Ungava, and westward to the Great Slave Lake, 
although these have been little explored. As the country is opened up, 
Canada is certain to have an important iron industry. 


4. Placer Gold Mining in Canada. By J. B. Tyrrety, M.A. 


Placer mining in America may be said to have had its origin in 
California in 1848. After having engaged in mining for a few years, many 
of the thrifty and successful miners settled down in their adopted State 
and lent their time and fortunes to its development. But Canada profited 
most from those who were less successful, for many of the disappointed 
California prospectors wandered to British Columbia, where they discovered 
the gold-bearing gravels of White Horse Creek in East Kootenay, and 
of Williams and other Creeks in Cariboo, from which gold to the value 
of £14,000,000 was extracted. 

The Cariboo diggings, after being abandoned by the individual miners, 
were taken over by mining companies that attempted to work them by 
hydraulic processes. But the supply of water was insufficient. Large 
reservoirs were built one after the other, and these proved to be simply 
evaporating basins, so that as the areas of the reservoirs were increased, 
the quantity of available water diminished. 

Other prospectors crossed the Rocky Mountains into Alberta and dis- 
covered fine gold in the sands of the Saskatchewan and Peace Rivers. 
As these streams derive their supplies of gold from the soft and slightly 
auriferous Laramie (Hocene) sandstones which form their banks, they 
may be regarded as permanent sources of a small annual supply of that 
metal. 

But the great region between the Rocky Mountains on the east and the 
Cascade Mountains on the west appealed most strongly to the prospectors, 
so they kept moving north-westward, first discovering the Cassiar country, 
and finally, in 1896, the Klondike, from which latter camp gold to the 
value of about £25,000,000 has been extracted. The richest pockets in this 
region have now been exhausted, and the individual miners have mostly 
keen replaced by companies that have begun to extract the remaining gold 
from the lower grade gravels with dredges and hydraulic plants. It is to 
be hoped that these companies will succeed better than those that attempted 
to operate in the Cariboo country. 
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The Klondike lies in an unglaciated area, and the richness of its gold- 
bearing gravels*is due to long-continued erosion and concentration of 
Pre-Cambrian schists earrying small stringers of auriferous quartz rather 
than to the exceptional richness of any lodes from which these gravels were 
derived. 

In Eastern Canada placer deposits were worked for a short time in 
the valley of the Chaudiere River, in the Province of Quebec, but as a 
general rule rich placers are not to be expected in that country, for it 
has been severely glaciated, and any gravel deposits which may be present 
in it have been almost entirely formed from the reassorting of boulder-clays 
by water, while gravels derived exclusively from the wearing down of 
restricted areas of auriferous rocks are conspicuously absent. 


5. The Rare Metals of Canada. By Professor T. L. Watker, Ph.D. 


6. Exhibition of the Material described as Geyserite from the Mount 
Morgan Mine, Queensland. By Professor J. W. Grecory, F.R.S. 


7. Topographical and Geological Terms in Local Use in South Africa. 
By Cuarpes F. Juritz, A4., D.Sc. LLC. 


On pages 291-296 of the 1908 Report of the British Association for the Ad- 
vancement of Science appears a glossary of geological and topographical terms 
commonly employed in South Africa, inserted as the Report of a Special Com- 
mittee appointed to determine the precise significance of such terms. As the 
list contains a few errors it may perhaps be permitted me to draw attention to 
these, seeing that it is obviously desirable that a glossary of this nature should 
possess the merit of perfect reliability. 

‘Bosch’ (p. 291) means ‘a wood,’ but it does not mean ‘a bush,’ except 
where the latter term is used as a synonym for ‘ wood.’ The proper translation 
for ‘bush’ is ‘bos.’ Thus the rhinoceros bush, as it is called (Hlytropappus 
rhinocerotis) goes by the name of ‘rhenoster bos,’ but ‘ Assegai Bosch’ would 
denote a forest composed of what are in Cape Colony known as ‘ Assegai trees * 
(Curtisia faginea). 

In the last line of p. 291 ‘ Blaauw’ (meaning ‘ blue’) is incorrect: it should 
be spelt ‘ Blauw.’ 

The plural of ‘ duin ’ (p. 292) is ‘ duinen,’ not ‘duien.’ ‘Castle’ in Dutch is 
* Kasteel,’ not ‘ Kastrel,’ as printed on p. 292 (last line). 

i" The word ‘Gouph’ I have invariably heard pronounced ‘ Cope ’—never 
‘oop.’ 

I am glad to see that the very common error ° Krantz’ is pilloried ; but the 
correction itself is incorrect, inasmuch as ‘ Kranz’ is put forward instead as good 
orthography. 

‘Naauwte,’ like ‘ Blaauw,’ should have only one ‘a.’ 

With regard to ‘ plaat’ (p. 294), I must express my belief that the etymology 
there given is quite erroneous. The correct spelling of the word used by way of 
illustration is, to the best of my knowledge, ‘ Klipplaats,’ which means literally 
“Stone Place.’ There is no granite within hundreds of miles of the locality 
called by that name; the reference is obviously to a part of the country where 
many pebbles lie loosely scattered about. 

“Portje’ should be spelt ‘ Poortje.’ 

*Sluit ’ deserves the pillory quite as much as ‘ Krantz.’ It is a most egregious 
misapplication. ‘The word spelt as above is a verb, and means ‘ to lock.’ What 
is intended is ‘ sloot,’ 7.e., ‘a ditch.’ 

‘Spitz kop ’ is an error of similar type to ‘ Krantz,’ and owes its origin to the 
persistent habit of Germanising Dutch words, which is curiously common amongst 
visitors to South Africa from England. $e 
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In illustration of the word ‘ Veld’ (a term, by the way, often half Germanised, 
into a hybrid ‘ veldt’), the expression ‘ Boschveld’ is given, with the meaning 
‘bush country’ appended. ‘ Boschveld’ may be construed into forest country 
—although even ‘hen it would contain a contradiction—as a ‘ veld’ cannot be a 
forest—but it is certainly not bush country, which could only be correctly 
rendered ‘ Bosveld.’ 

It follows from what has already beer said that ‘ Kimberlite ’ is not ‘ Blaauw- 
grond’ but ‘ Blauwgrond.’ 

‘ Bosjesman’s klip’ is also misspelt, and so is ‘ Harde Bank,’ in both cases an 
‘i’ being substituted for an ‘e.’ 

Lastly, “Ijzer klip,’ when written by a Dutchman, usually wears the form 
‘IJzer klip’—note the double capital. In English it should be spelt ‘ Yzer 
klip,’ ‘IJ’ being simply the Dutch form of the English letter ‘Y.’ It bears 
some analogy to the ‘ VV ’ which we often see in the older printed books instead 
of ‘W.’ When translating a Dutch word containing ‘ IJ’ into English characters 
we should no more retain the Dutch form than we would, for example, in the 
case of the Greek ‘ P,’ otherwise we should, for the sake of consistency, adopt 
such a spelling as ‘ Phododendron.’ 

The laxity prevalent in South Africa as regards the spelling of local names 
and topographical terms generally is most remarkable, and the cacography tends 
to become perpetuated and stereotyped when writ large—as it often is—on 
railway station signboards, eg., at NAAUWPOORT or at BLAAUW- 
KRANTZ (sic), or when printed across what are ostensibly authoritative and 
standard maps of the country. The efforts which are being put forth by the 
British Association to check this looseness are therefore to be welcomed. 


8. Report on Topographical and Geological Terms used locally in South 
Africa.—See Reports, p. 149. - 


9. Report on the Faunal Succession in the Lower Carboniferous 
Limestone (Avonian) of the British Isles.—See Reports, p. 187. 


ey 


LUESDAY, AUGUST 31. 
The following Papers and Reports were read :— 
1. The Volcano of Matavanu. By Dr. Tempest ANDERSON. 


The Volcano of Matavanu, in Savaii, an island of the Samoan group, 
was formed in 1905. It is of the efflussive type, 7.e., characterised by the 
outflow of large quantities of lava with comparatively little explosion 
or discharge of ashes, Japilli, or pumice. The crater contains a quantity 
of molten lava in constant agitation, breaking in waves on the walls, and 
throwing up fountains of liquid basalt. 'The lava is in rapid motion, and 
enters a tunnel in one end of the crater, by which it flows under the already 
solidified lava field a distance of several miles to the sea, into which it 
falls with violent explosions. The lavas throughout have been very fluid, 
and have covered a large tract of country. The paper included a discussion 
of the many resemblances and few differences between the phenomena of 
Matavanu and Kilauea in Hawaii. 


2. On Reniains of a Megalosaurian Dinosaur from New South Wales. 
By A. Smrra Woopwarp, F’.R.S. 


A tooth and a posterior caudal vertebra of a small Megalosaurian, 
characteristic in all respects, have lately been received by the British 
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Museum from the Upper Cretaceous opal-bearing sandstone of Lightning 
Ridge, near Walgett, New South Wales. The specimens are opalised, 
and were found associated with other bones and shells in a similar 
condition. Evidence of Dinosaurs has already been described from the 
supposed Trias of Queensland and from the Jurassic of Victoria, but the 
new fossils are the first traces of an Australian Dinosaur of Cretaceous age. 


3. On a Tooth of a Triassic Dinosaur from San Paulo, Brazil. 
By A. Smira Woopwarp, F.R.S. 


Dr. Rudolph von Ihering submitted to the author a small tooth 
which he discovered in a red rock at San José do Rio Preto, in the west 
of the State of San Paulo, 450 kilom. from the capital. The specimen 
is solid, laterally compressed, with smooth tumid faces and sharp serrated 
edges. It lacks the basal part, but as preserved it measures 1 cm. in 
maximum width by 2 cm. in height. The serrations are uniform in size, 
relatively large, and peculiar in being inclined a little upwards, not at 
right angles to the edge. The tooth thus resembles that of the 
Thecodontosaurian Dinosaurs, which are characteristic of the Trias and 
Rhoetic formations of other parts of the world. 


4. Certain Aspects of British Scenery, as illustrating the Work of the 
Geological Photographs Committee. By Professor 8S. H. 
Reynoups, M.A. 


5. Seventh Report on the Fauna and Flora of the Trias of the British 
Isles.—See Reports, p. 150. 


6. Report on the Igneous and Associated Rocks of the Glensaul and 
Lough Nafooey Areas, Co. Galway.—See Reports, p. 163. 


. Report on the Hxcavation of Critical Sections in the Palaeozoic Rocks 
of Wales and the West of England.—See Reports, p. 181. 


~] 


8. Interim Report on the Correlation and Age of South African 
Strata, etc. 


9, Report on the Fossiliferous Drift Deposits at Kirmington, 
Lincolnshire, etc.—See Reports, p. 177. 


10. Fourth Report on the Crystalline Rocks of Anglesey. 
See Reports, p. 164. 


11. Interim Report on the Microscopical and Chemical Composition of 
Charnwood Rocks. 


12. Interim Report on the Ancient Salt Lakes at Biskra, Algeria. 
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Section D.—ZOOLOGY. 


PRESIDENT OF THE Section.—A. E. Surpuny, M.A., D.Sc., F.B.S. 


THURSDAY, AUGUST 26. 
The following Papers were read :— 


1. On the Origin of the Vertebrates. By E. S. Gooprici, F.R.S. 


The object of this paper was to show that none of the theories of the 
Origin of the Vertebrates hitherto brought forward, and deriving them from 
some existing class of the Invertebrata, is satisfactory ; because these theories 
viclate the sound principles of phylogeny based on the combined evidence 
of comparative anatomy and physiology, embryology, and paleontology. 
This evidence enables us to trace back the Gnathostomes to a primitive 
shark-like fish; the Gnathostomes and Cyclostomes to a common form of 
much more uniformly segmented structure; and finally the Craniata and 
Cephalochorda to an ancestor of very simple structure, without dermal 
skeleton and without pronounced cephalisation, which probably became 
extinct even before the Silurian age. 


2. On the Subcutaneous Fat Bodies in Bufo. By C. L. Boununcer. 


FRIDAY, AUGUST 27. 


The President delivered the following Address :— 


ig 
Charles Darwin. 


Tu1s is the year of centenaries. Perhaps in no other year in history were 
so many men born destined to impress their genius on the literature, the 
politics, and the science of the world as in 1809. The number of literary 
men who first saw the light in that annus mirabilis is almost too long to 
mention—Mark Lemon, the genial editor and one of the founders of 
Punch; ‘Crimean’ Kinglake; John Stuart Blackie, till lately a well- 
known figure in Edinburgh; Monckton Milnes, the first Lord Houghton, 
‘ poet, critic, legislator, the friend of authors’ and the father of Lord 
Crewe who at present presides over that most important of all Government 
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offices—that of the Colonies. One could prolong the list, and one must at 
least mention the names of Louis Braille, the inventor of the Braille type 
for the blind, of Fanny Kemble and of Elizabeth Barrett Browning, before 
passing on to remind you that this year is also the centenary of Tennyson 
who, with Browning, formed the twin stars of poetry during the reign of 
Queen Victoria, and who from his intimate knowledge of natural history 
and his keen power of observation was essentially the poet of Darwinism. 
Of his long-life friend, born the same year, Edward Fitzgerald, the trans- 
lator—one feels almost inclined to say author—of Omar Khayyam, and of 
the gifted musician Mendelssohn there is no time to speak. 

On this side of the Atlantic, and yet not wholly on this side, for he 
spent five impressionable school years at Stoke Newington, we have that 
‘fantastic and romantic’ genius Edgar Allan Poe." Later he studied at 
West Point, where surely he must have been as incongruous a student as 
James Whistler himself. We have also that kindly, humorous physician 
Oliver Wendell Holmes, a nature ‘ sloping towards the southern side’ as 
Lowell has it. Amongst many recollections of literary men I cherish none 
more dearly than that I once entertained him in my Cambridge and once 
visited him in his. 

Three other names stand out. William Ewart Gladstone, that leader 
of men, a politician and a statesman capable more than most men at 
once of arousing the warmest affection of his followers and the bitterest 
hatred of those who went the other way. Cultured as he was and widely 
read, he had his limitations, and although his tenacious memory was 
stored with the humanities of all the ages, he was singularly devoid of 
any knowledge of science. If we may paraphrase the words of Lord Morley 
in his estimate of Gladstone’s writings, we would say that his place is not 
in science, ‘nor in critical history, but elsewhere.’ 

Abraham Lincoln, the greatest man born on this continent since the 
War of Independence, was some ten months older than Gladstone. Both 
men were great statesmen, both men were liberators; for we must not 
forget that in many minds the help Gladstone gave to Italy in her struggle 
for freedom and union remains the most enduring thing he achieved. 

Yet in externals how different! One the finished, cultured product of 
the most aristocratic of our public schools and the most ancient of our 
universities, the other little read in the classics or in medieval and 
ecclesiastical lore, yet deeply versed in the knowledge of men and how to 
sway them. Rugged, a little rough if you like, humorous and yet sad, 
eminently capable, a strong man, and at heart ‘a very perfect gentleman.’ 

On the same day, February 12th, upon which Lincoln first saw the light, 
was born at the ‘ Mount,’ Shrewsbury, a little child destined as he grew 
up to alter our conceptions of organic life perhaps more profoundly than 
any other man has ever altered them, and this not.only in the subjects 
he made his own, but in every department of human knowledge and 
thought. 

Being as I am a member of Charles Darwin’s own college, coming as I 
do straight from the celebration in which the whole world united to do 
his memory honour, it would seem meet that I should in this year of the 
centenary of his birth devote this address to a consideration of his life 
and of his work, and of such confirmation and modification of his theories 
as the work of the last fifty years has revealed. 

As to the man, I can but quote two estimates of his character, one by 
a college companion who lived on terms of close intimacy with Darwin 


* Poe lived from his eighth to his thirteenth year at the ‘Manor House 
School,’ Stoke Newington, at that time a village, now swallowed up by 
the metropolis. Poe described the place as he knew it, and his schoolmaster, 
Dr. Bransby, in William Wilson. 
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when at Christ’s, the other the considered judgment of one who knew and 
loved and fought for Darwin in later life. 


Mr. Herbert says :— 


‘It would be idle for me to speak of his vast intellectual powers. . . 
but I cannot end this cursory and rambling sketch without testifying, and 
I doubt not all his surviving college friends would concur with me, that 
he was the most genial, warm-hearted, generous, and affectionate of 
friends; that his sympathies were with all that was good and true; and 
that he had a cordial hatred for everything false, or vile, or cruel, or 
mean, or dishonourable. He was not only great, but pre-eminently good, 
and just, and lovable.’ 


Professor Huxley, speaking of his name, says :— 


‘They think of him who bore it as a rare combination of genius, 
industry, and unswerving veracity, who earned his place among the most 
famous men of the age by sheer native power, in the teeth of a gale of 
popular prejudice, and uncheered by a sign of favour or appreciation 
from the official fountains of honour; as one who, in spite of an acute 
sensitiveness to praise and blame, and notwithstanding provocations which 
might have excused any outbreak, kept himself clear of all envy, hatred, 
malice, nor dealt otherwise than fairly and justly with the unfairness 
and injustice which was showered upon him; while, to the end of his 
days, he was ready to listen with patience and respect to the most insig- 
nificant of reasonable objectors.’ * 


It has been somewhat shallowly said—said, in fact, on the day of the 
centenary of Darwin’s birth—that ‘we are upon very unsafe ground when 
we speculate upon the manner in which organic evolution has proceeded 
without knowing in the least what was the variable organic basis from 
which the whole process started.’ Such statements show a certain miscon- 
ception, not confined to the layman, as to the scope and limitations of 
scientific theories in general, and to the theory of organic evolution in 
particular. The idea that it is fruitless to speculate about the evolution 
of species without determining the origin of life is based on an erroneous 
conception of the true nature of scientific thought and of the methods of 
scientific procedure. For science the world of natural phenomena is a 
complex of procedure going on in time, and the sole function of natural 
science is to construct systematic schemes forming conceptual descriptions 
of actually observed processes. Of ultimate origins natural science has no 
knowledge and can give no account. The question whether living matter 
is continuous or not with what we call non-living matter is certainly one 
to which an attempted answer falls within the scope of scientific method. 
If, however, the final answer should be in the affirmative, we should then 
know that all matter is living; but we should be no nearer to the attain- 
ment of a notion of the origin of life. No body of scientific doctrine suc- 
ceeds in describing in terms of laws of succession more than some limited 
set of stages of a natural process; the whole process—if, indeed, it can 
be regarded as a whole—must for ever be beyond the reach of scientific 
grasp. The earliest stage to which science has succeeded in tracing back 
any part of a sequence of phenomena constitutes a new problem for science, 
and that without end. There is always an earlier stage and to an earliest 
we can never attain. The questions of origins concern the theologian, the 
metaphysician, perhaps the poet. The fact that Darwin did not concern 
himself with questions as to the origin of life nor with the apparent 


1 Life and Letters of Charles Darwin, vol. ii. 1887, p. 179. 
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discontinuity between living and non-living matter in no way diminishes 
the value of his work. The broad philosophic mind of the great master 
of inductive method saw too fully the nature of the task he had set before 
him to hamper himself with irrelevant views as to origins. 

No well instructed person imagines that Darwin spoke either the first 
or the last word about organic evolution. His ideas as to the precise mode 
of evolution may be, and are being, modified as time goes on. This is 
the fate of all scientific theories; none are stationary, none are final. 
The development of science is a continuous process of evolution, like the 
world of phenomena itself. It has, however, some few landmarks which 
stand out exceptional and prominent. None of these is greater or will be 
more enduring in the history of thought than the one associated with the 
name of Charles Darwin. 

I cannot, indeed, attempt to weigh or estimate the influence and the 
far-reaching import of the work which all the world has been weighing 
and estimating during this year, the centenary of his birth and the 
jubilee of the Origin of Species. I cannot, to my intense regret, give you 
any personal recollections of Darwin, for though I think I once saw him 
in the streets of Cambridge, I have to my sorrow never been absolutely 
sure that this was so. 

But in reading his writings and his son’s most admirable Life, one 
attains a very vivid impression of the man. One of his dominant 
characteristics was simplicity—simplicity and directness. In his style he 
was terse, but he managed to write so that even the most abstruse problems 
became clear to the public. The fascination of the story he had to tell 
was enhanced by the direct way he told it. 

One more characteristic. Darwin’s views excited at the time intense 
opposition and in many quarters intense hatred. They were criticised from 
every point of view, and seldom has a writer been more violently attacked 
and abused. Now what seemed to me so wonderful in Darwin was that— 
at any rate as far as we can know—he took both criticism and abuse with 
mild serenity. What he wanted to do was to find the truth, and he care- 
fully considered any criticism, and if it helped him to his goal he thanked 
the critic and used his new facts. He never wasted time in replying to 
those who fulminated against him; he passed them by and went on with 
his search. 

In the development of the theories associated with Darwin’s work the 
New World played a prominent part. Darwin’s ‘Wanderjahre’ were 
spent on this side of the Atlantic. The central doctrine of evolution 
through natural selection was forced upon his mind by the studies and 
researches he made in South America during the voyage of the Beagle. 
The numerous observations in all departments of natural science and the 
varied forms of life he came across in this classical journey were the bricks 
with which he built many of his later theories. The storm of controversy 
which the Origin of Species awoke was at least as violent in America as in 
Great Britain, and we must not forget the parts played by men like Hyatt, 
Fiske, Osborn, and many others, and above all by Asa Gray and by Brooks 
of Baltimore, whose recent death has robbed America of perhaps her 
greatest Darwinian. 

It is a somewhat remarkable fact that whilst the works of Darwin 
stimulated an immense amount of research in biology, this research did 
not at first take the line he himself had traced. With some exception the 
leading zoological work of the end of the last century took the form of 
embryology, morphology, and paleontology, and such subjects as cell- 
lineage, ‘ Entwickelungsmechanik’; the minute structure of protoplasm, 
life-histories, teratology, have occupied the minds of those who interest 
themselves in the problems of life. Along all these lines of research man 
has been seeking for the solution of that secret of nature which at the 
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bottom of his heart he knows he will never find, and yet the pursuit of 
which is his one-abiding interest. Had Frank Balfour lived we should, I 
think, have sooner returned to the broader lines of research as practised 
by Darwin, for it was his intention to turn himself to the physiology—using 
the term in its widest sense—of the lower animals. Towards the end of 
the nineteenth century, stimulated by Galton, Weldon began those series 
of measurements and observations which have culminated in the establish- 
ment, under the guidance of his friend and fellow-worker, Karl Pearson, 
of a great school of eugenics and statistics in London. With the beginning 
of the twentieth century came the rediscovery of Mendel’s facts, and with 
that an immediate and enormous outburst of enthusiasm and of work. 
Mendel has placed a new instrument in the hand of the breeder, an 
instrument which, when he has learnt to use it, will give him a power over 
all domesticated animals and cultivated crops undreamt of before. We are 
getting a new insight into the working of heredity and we are acquiring a 
new conception of the individual. The few years which have elapsed since 
men’s attention was redirected to the principles first enunciated by the 
Abbot of Briinn have seen a great school of genetics arise at Cambridge 
under the stimulating energy of Bateson, and an immense amount of work 
has also been done in France, Holland, Austria, and especially in the 
United States. As the work has advanced, new ideas have arisen and 
earlier formed ones have had to be abandoned; this must be so with every 
advancing science ; but it has now become clear that mutations occur and 
exist especially in cultivated species, and that they breed true seems now 
to be established. In wild species also they undoubtedly occur, but whether 
they are so common (in uncultivated species) remains to be seen. If they 
are not, in my opinion a most profitable line of research would be to 
endeavour to determine what factor exists in cultivation which stimulates 
mutation. 

To what extent Darwin’s writings would have been modified had 
Mendel’s work come into his hands we can never know. He carefully 
considered the question of mutation, or, as they called it then, saltation, 
and as time went on he attached less and less importance to these variations 
as factors in the origin of species. Ray Lankester has recently reminded 
us that Darwin’s disciple and expounder, Huxley, ‘clung to a little heresy 
of his own as to the occurrence of evolution by saltatory variation,’ and 
there must have been frequent and prolonged discussion on the point. That 
‘little heresy’ has now become the orthodoxy of a number of eager 
and thoughtful workers who are at times rather aggressive in their 
attacks on the supporters of the old creed. ‘That mutations occur and 
exist is obvious to everyone, but that they are of frequent occurrence 
under purely natural conditions is,’ Sir William Thiselton-Dyer 
thinks, ‘unsupported by evidence.’ The delicate adjustment between 
an organism and its natural surroundings suggests that sudden change 
of a marked kind would lead to the extinction of the mutating 
individual. As far as I can understand the matter in dispute, 
Darwin and his followers held that evolution had proceeded by small steps, 
for which we may accept de Vries’ term fluctuations; whilst the Muta- 
tionists hold that it has advanced by large ones, or mutations. But it is 
acknowledged that mutations are not all of the same magnitude, some, 
e.g., albinism ; brachydactyly in man ; dwarf habit or glabrousness in plants 
may be large; others, e.g., certain differences in shade of colour or in 
size, are insignificant, and indeed Punnett has suggested that under the 
head of fluctuating variation we are dealing with two distinct phenomena. 
He holds that ‘ some of the so-called fluctuations are in reality mutations, 
whilst others are due to environmental influence.’ He thinks the evidence 
that these latter are transmitted is slender, and later states that ‘ Evolu- 
tion takes place through the action of selection on these mutations. Where 
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there are no mutations there can be no evolution.’ The disagreement about 
the way in which evolution has proceeded has perhaps arisen from a mis- 
understanding as to the nature of the two kinds of variation described 
respectively as mutations and fluctuations. Mutations are variations 
arising in the germ-cells and due to causes of which we are wholly ignorant ; 
fluctuations are variaticns arising in the body or ‘soma’ owing to the action 
of external conditions. The former are undoubtedly inherited, the latter 
are very probably not. But since mutations (using the word in this sense) 
may be small and may appear similar in character to fluctuations, it is 
not always possible to separate the two things by inspection alone. The 
whole matter is well illustrated by the work of Johannsen on beans. He 
found that while the beans borne by any one plant vary largely in size, 
yet if a large and a small bean from the same plant are sown, the mean 
size and variability of the beans on the plants so produced will be the same. 
The differences in size are presumably due to differences of condition and 
are not inherited. But if two beans are sown, one from a plant with 
beans of large average size, and one from a bean of small average size, the 
bean plant whose parent had the high average will bear larger beans than 
the one from the parent with small average beans. The faculty of pro- 
ducing a high or low mean size is congenital, is a mutation in the sense 
used above, and is inherited. It is no doubt unfortunate that the word 
mutation has been used in several different senses, for it seems to have led 
to most regrettable confusion and misunderstanding. 


As I have said, in such a year, and in my position, I ought perhaps 
to have devoted the whole of this address to the more philosophical side of 
our subject; but, in truth, I am no philosopher, and I can only say, as 
Mr. Oliver Edwards, ‘an old fellow-collegian’ of Dr. Johnson’s said to 
the ‘great lexicographer’ when they met after nearly half a century of 
separation: ‘I have tried too in my time to be a philosopher, but I don’t 
know how, cheerfulness was always breaking in.’ 


II. 
Organising Zoology. 


I now turn to a subject of the greatest moment and of the greatest 
difficulty, and one on which there is little general consensus of opinion. 
The question I wish to raise is this—are the zoologists of the world setting 
about their task in an economic and efficient way? 

We live surrounded by a disappearing fauna. Species are disappearing 
from the globe at a greater rate than even the most ardent mutationist 
claims they are appearing. To mention but a few striking cases: The 
European beaver has almost gone, though a few linger on around the 
periphery of the Continent. Norway, the lower Danube, Eastern and 
Arctic Russia still harbour them, and a very few are said still to inhabit 
the Rhine and the Rhone. The European bison is now represented by a 
few wild specimens in the Caucasus. The American bison is reduced, and 
that by the deliberate and calculated action of man, to a few herds most 
carefully preserved by Government; the largest of these, containing some 
600 heads, is now at the National Park at Wainwright. Equally de- 
liberate and equally calculated is the destruction of the fur-seal which 
threatens soon to be complete. The Greenland sealing is almost a thing 
of the past. In 1860 British vessels killed 68,278 seals ; in 1866, 103,758 ; and 
this went on until 1895, when the pursuit was abandoned by the British, 
it being no longer found to pay them, though Norwegians still continue 
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‘sealing.’ In 1859 19 vessels sailing from British ports killed 148 whales ; 
in 1881 12 vessels killed 48 whales; last year 6 Dundee vessels killed but 15, 
and the year before that but 3. The whalers sailing from Newfoundland 
ports killed 1,275 whales in 1904, 892 in 1905, and only 429 in 1906. 

At the present time certain Norwegian whaling companies have been 
for the last few years actively at work in the Shetlands, and are killing off 
as fast as they can the common rorqual (Balenoptera musculus L.), the lesser 
rorqual (B. rostrata), Sibbald’s rorqual (B. sibbaldi Gray), the cachalot 
(Physeter macrocephalus L.), the humped-back whale (Megaptera boops 
L.), and, when they can reach him, the Atlantic right whale (Balena 
mysticetus L.). These are killed primarily for their blubber, but the 
economy of the factories rivals that of the Chicago pork packing industries. 
Nothing is wasted, the flesh is made into sausages, which are readily eaten 
in Central Europe, and the bones are ground up to make manure. No animal 
which produces but few young can withstand such persistent and organised 
attacks on the part of man, and I fear, before many years are passed, 
many species of whale will be extinct. At the present moment the two right 
whales seem almost on the verge of extinction, and Balana mysticetus will 
probably go before B. australis. Nothing shows this more clearly than the 
price of whalebone, which has gone up in the last eighty-four years from 
561. per ton to 2,100J. per ton, or from 12cs. a pound to $4.90, and in 
some years to $5.80 a pound. The number of pounds on sale in the 
Jnited States has dropped from 2,916,500 in 1851 to 96,600 in 1906. With 
the whales will disappear the whale-lice and the whole of the very interest- 
ing parasitic fauna which inhabit their vast interiors. 

The disappearance of the large game from enormous tracts of country 
in Africa is too well known to delay us. The elephant, except where pre- 
served in the Litzikama Forest, near Mossel Bay, and in the Addo Bush, 
near Port Elizabeth, is exterminated south of the Limpopo. The price of 
ivory again is a measure of the nearness of its extinction. The best 
pieces, which are used for billiard balls, have risen in price from 551. 
a cwt. in 1882 to an average of 1001. a cwt. in 1908. The common and 
the brindled gnu (Connochoetes taurinus) are fated to follow the extinct 
quagga. The blesbok (Damaliscus albifrons), formerly found in thousands 
in Cape Colony, the Transvaal, and Bechuanaland, is now very rare and 
seems doomed. The giraffe has long been driven out from South Africa, 
though it still roams over large tracts of country in East and Central 
Africa. 

Perhaps the most striking case of the disappearance of a mammalian 
fauna is that presented in Western Australia. Here many districts are 
now said to be entirely devoid of indigenous mammals, and this depletion 
is in the main an affair of only the last thirty years, and many of the 
local extinct forms are still remembered by the older natives and colonists. 
Mr. Shortridge, a collector who has worked for some years in South-west 
and Western Australia, writes in a letter: ‘ The entire disappearance of 
so many species over such large tracts of country is generally considered 
to be due to some epidemic perhaps brought into the land by introduced 
animals. It is to be noted that they have died out chiefly in the dry 
regions, where, except for the introduction of sheep, there has been very 
little alteration in the natural conditions. Rabbits, although already very 
numerous in the Centre and South-east, have not as yet found their way 
to the North-west.’ Amongst the mammals which have almost, if not 
quite, disappeared from West Australia are the banded wallaby (Lago- 
strophus fasciatus), the hare wallaby (Lagochestes hirsutus), the rat- 
kangaroos (Potorous gilberti and P. platyops). The indigenous rats and 
mice of Australia are disappearing even faster than the marsupials, aad 
it seems probable that many will not be heard of again, 
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A very few years ago the ship employed by the company which is 
exploiting the phosphates of Christmas Island introduced the brown rat 
(M. decumanus) there. Within a short time the two indigenous rats first 
collected by Mr. C. Andrews, of the British Museum, named Mus macleart 
and Mus novitatis, were wiped out of existence. The same animal having 
been introduced in North America, is gradually spreading, and as it 
spreads the native fauna of Muridae is slowly vanishing. 

To adorn our ladies’ heads some of the most beautiful of birds are being 
systematically exterminated. In the London market alone were sold last 
year some 50,000 sooty terns (Sterna fuliginosa, S. anwstheta, and S. 
bonata), 20,000 specimens of the crowned pigeon (Goura) from New 
Guinea, their sole habitat, immense numbers of ‘osprey’ feathers, egret 
and heron, and over 50,000 birds of paradise, or more than double the 
number of the year before. 

I have no time to continue this melancholy record, but it could be 
prolonged almost indefinitely. 

When we reflect how greatly we treasure every scrap of knowledge we 
can glean about such recently extinct animals as the Rhytina—Steller’s 
sea-cow—the dodo, the great auk, we must see that if it be impossible to 
check the gradual disappearance of those animals doomed to extinction, we 
should at least monograph them and take every care that what can be per- 
manently kept of their structure should be kept. In respect to the record- 
ing of the habits and physical features of a disappearing race, the 
anthropologists are setting an example which the zoologists would do well 
to follow. 

We are living with a disappearing fauna around us, and numerous as 
the museums of the world are, and skilled and painstaking as the curators 
of these museums are, they are both wholly inadequate to deal with the 
material at hand. Some dozen years ago Dr. Gimther made a very careful 
estimate of the number of species of animals which were known in the 
years 1830 and 1881. I summarise his table :— 


Number of Species known in the years 1830 and 1881. 


~ 1830. 1881, 
Mammalia ; ‘ ‘ 1,200 2,300 
Aves : : : 3,600 11,000 
Reptilia and Batrachia : 543 3,400 
Pisces . 7 = 3,500 11,000 
Mollusca F ‘ A 11,000 33,000 
Bryozoa . : : (40) 120 
Crustacea (year 1840) . : (1,290) 7,500 
Arachnida F 5 és 1,408 8,070 
Myriapoda : : : 450 1,300 
Insecta : : : 49,100 220,150 
Echinodermata (1838) 3 (230) 1,843 
Vermes (1838) : (372) 6,070 
Coelenterata (1834) . : 500 2,200 
Porifera (1835). : . (50) say 400 
Protozoa (1838-44) say j (305) },, 3,300 
73,588 311,653 
— C—O 


Taking an average year between 1881 and the present date, but rather 
nearer the latter, because each year the number of newly described species 
becomes larger, Dr. Sharp tells me that according to the zoological record 
12,449—let us call it 12,450—new species were described in the year 1897. 
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Number of new Species described in the year 1897. 


Mammalia 5 : : ‘ F » (285 
Aves. . 3 ; 5 E x 3 105 
Reptilia and Batrachia . : ‘ : ; «40 
Pisces . . é : . J ‘ . o, eS 
Mollusca . 2 : : A . a alia 
Brachiopoda . : : - 3 - 5 : 7 
Bryozoa . : 4 5 : 4 5 : - 6 
Crustacea. ‘ A 3 : : s 7 a9 
Arachnida ; s ; : : F = "659 
Myriapoda 5 : : , : b : 26 
Insecta. ‘ 3 ‘ p ; ; 3 . 8,364 
Echinodermata : : ‘ 3 : ; sf 1498 
Vermes . ; . : : i : 3 . 294 
Coelenterata . 5 * : = A A . 164 
Porifera . F ; : . 3 , 5 ; 95 
Protozoa . 3 é > : i 3 : s 100 

12,449 


This number, however, includes fossils which I do not think were included 
by Dr. Gunther. We might deduct 450 for them if we wish to confine our 
attention to living animals. This leaves us 12,000. If we multiply this 
by 27, the number of years which have elapsed since Dr. Giinther made 
his estimate, we find a total of 324,000. This number is possibly too large, 
as it makes no allowance for synonyms, still it is a rough indication that 
since 1881 the number of described species has been doubled. Isolated 
groups, such as the mammals, treated in the same way, give us fairly 
similar results, so that now we may, I think, say that there are over 
600,000 described species of living animals. 

It thus appears that during the fifty-one years in the middle of the 
last century the number of known species grew by some 238,000, giving an 
average increase of a little under 5,000 per annum. At the present day 
there are far more workers in the field than there were thirty years ago, 
museums have multiplied, and there are many more zoologists, and it is 
now estimated that the number of species annually described and named 
amounts to some 12,000. 

The number, large as it seems, is, however, but small in comparison 
with the number of species collected and deposited in museums*where no one 
has time to work them out. It is still smaller in comparison with the 
vast numbers of species as yet uncaptured. Dr. Sharp, in 1895, calculated 
that there were a quarter of a million known and described insects. This 
was an increase of 30,000 over Giinther’s figures of fifteen years before, but 
he states that in his opinion this quarter of a million is but one-tenth of 
those which exist. 

With the exception of the larger mammalia—though the Okapi warns 
us the exception may yet prove the rule—there is no group of animals 
which may not yield us new surprises—no group which we can regard as 
well worked out, though naturally some are better known than others. 
What, then, are the zoologists of the world doing to record the animal life 
around them? One thing of late is certainly an improvement. During 
last century the great zoological collections were in the main increased 
and augmented by the chance gifts of hunters and sportsmen, whose chief 
object in their expeditions was not zoology but what is termed ‘ sport.’ 
Many valuable gifts are still received from such sources, but it is now 
recognised that we must not in these matters trust to the sportsman alone. 
The plan of attaching trained naturalists and experts in taxidermy to an 
expedition avowedly meant for other purposes is good, and is well ex- 
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emplified by Mr. Roosevelt’s ‘safari’ in Hast Africa at the present time. 
We may hope that we may never again see an expedition without a single 
trained naturalist on its staff, such as the last Stanley led across Africa. 
A still better plan is to send out expeditions of trained naturalists to do 
definite pieces of work. Such expeditions as Andrews and Foster Cooper 
and Osborn to the Fayum for fossils, of Cunnington and Boulenger to the 
same region to investigate the fauna wt the lake, or Wollaston and his 
companions to the Ruwenzori district, yield a harvest one hundred times 
more abundant than the best of other schemes. 

Yet even here I would plead for a little more organisation. One must 
not suggest too rigid a scheme, and it is to be hoped that in the future, as 
in the past, there will always be found wealthy men willing to devote their 
energies to the advancement of zoology. Such work as has been done by 
Mr. Godman on the fauna of Central America, one of the richest regions 
in the world, and now, owing to his munificence, one of the best known. 
The stately array of volumes embodying these results is paralleled by the 
magnificent monographs in which the results of the Prince of Monaco’s 
marine researches are recorded, and by the monographs of the Princeton 
Expedition to the Argentine, financed by one of the richest of the mil- 
lionaires of the United States. We trust that such enterprises will always 
continue. 

With regard, however, to expeditions financed from public funds which 
are sent out officially, it might be possible to have more international co- 
operation. Just as the members of the Geodetic Survey meet from time to 
time and determine the next step to be taken in the triangulation of the 
world, so it seems to me might the members of the chief museums of the 
world meet, say, triennially, and draw up certain thought-out plans for 
the exploration of the zoological world. 

With regard to working out the material when collected, the existing 
museums of the world are too few, and their staffs are too small to deal 
not only with the huge collections which are constantly pouring into their 
buildings, but even with the accumulated stores already housed there. 
In our smaller state museums it is not uncommon to find men who are 
responsible for the whole of the Arthropoda. Only within the last few 
months I have had to try and find a curator for a Metropolitan museum 
who was expected to be a specialist in fishes, molluscs, and arachnids. 
Now is it possible to expect such men, able and zealous as they are, 
to accurately determine species in these vast and complex groups? 
My own feeling is—but I fear I shall carry no one with me— 
that we must specialise ‘still further. I should like to see each of 
the great classes of the animal kingdom assigned to one of the great 
museums of the world. Just as an example—which is only an example, 
possibly a bad one—I suggest that all the type specimens of Amphibia be 
sent to one museum, say, if you like, that of Berlin or St. Petersburg ; in 
return for this that museum should distribute to others its types of fish, 
birds, &c. Then, at this museum there would arise a series of specialists 
capable of deciding swiftly and accurately on the validity of the claims of 
any new species of amphibian that may be advanced. Again, a student of 
Amphibia, -instead of wandering round the museums of the world if he 
wishes to study species, would find all he wants within the four walls of 
one building. When once the type is described and deposited, it would 
be the duty of the museum to distribute co-types and accurately named 
specimens of the same species to other museums in some recognised order. 
Smaller groups might be allocated to smaller museums, e.g., the fleas to 
Tring and the ticks to Cambridge—at both of these places there are now 
specialists working out world collections of these pests. What I want is 
a world’s Clearing House for animals. J know I shall be told that my 
suggestions can never be realised, that international jealousies would 
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prevent such a scheme being adopted, that I am proposing to fetter 
research. I admit the difficulties, but do not regard them as insuperable. 
When you recall the international Clearing Houses for the Postal and 
Telegraphic service, for the banking of the world, and when we reflect 
what private enterprise does, under the name of Lloyd’s, for the shipping of 
the world, how it registers and describes and certifies with a minuteness 
not surpassed by any maker of species, each ship in the world; how, 
through its signal stations and by 6ther means, it follows the daily course 
of each vessel, so that at any hour of any day it can state where, under 
normal circumstances, that vessel is, it does not seem to me impossible to 
come to some understanding as to dealing with the animals of the world. 
Only by some such means can we hope to cope with the problem before us. 

One other fruitful source of ‘waste of time’ I will mention. That is 
the debatable matter of zoological nomenclature, more especially the ques- 
tious of synonymy. The British Association at their last meeting passed 
a resolution on the proposal of Mr. G. A. Boulenger in the following sense : — 

‘The undersigned zoologists, whilst fully realising the justice and 
utility of the rule of priority in the choice of scientific names for animals, 
as first laid down by a committee of the British Association in 1842, wish 
to protest against the abuse to which it has been put as a result of the 
most recent codes of nomenclature, and consider that names which have 
had currency for a great number of years should, unless preoccupied, be 
retained in the sense in which they have been universally used. Considering 
the confusion that must result from the strict application of the rule of 
priority, they would welcome action leading to the adoption of a scheme 
by which such names as have received the sanction of general usage, and 
have been invariably employed by the masters of zoology in the past 
century, would be scheduled as unremovable.’ 

Mr. G. A. Boulenger expressed disapproval of the extreme application 
of the rule of priority in zoological nomenclature on the ground that it 
had already produced much mischief under the pretence of arriving at 
ultimate uniformity. The worst feature of the abuse of this rule is not 
so much the bestowal of unknown names on well-known animals as the transfer 
of names from one to another, as in the case of Astacus, Torpedo, Holothuria, 
Simia, Cynocephalus, &c., so that the names which were uniformly used 
by Cuvier, Johannes Miller, Owen, Agassiz, Darwin, Huxley, and Gegen- 
baur would no longer convey any meaning; very often they would be mis- 
understood, and the very object for which Latin or Latinised names were 
introduced would be defeated. 

The International Congress of Zoology takes, I believe, a somewhat 
sterner view, but they are engaged in drawing up a list of names which they 
hope will be accepted for all time. I for one am prepared to accept them, 
and I am prepared to go further. I would ask the International Congress 
if, instead of drawing up a list of single species, or perhaps in addition to 
it, they would draw up a list of systematic monographs, the names in which 
may be regarded as final. After all, modern classification began with a 
book, and it would take no longer, or very little longer, to sanctify a book 
which may contain diagnoses of hundreds of species than to sanctify the 
single species. The idea is due to Mr. Cyril Crossland, and he suggests—he 
was working at Chaetopods—that such works as Claparéde’s Annelides 
Polychétes du Golfe de Naples, Ehler’s Die Borstenwiirmer, McIntosh’s 
Monograph of the British Annelids be accepted. Possibly whole categories 
_of books might be considered, such as the Challenger Reports, and especially 
Das Tierreich, the admirable volumes of which we owe to the enterprise of 
the Berlin Zoological Society. Such a scheme would certainly cause some 
minor injustices, but every scheme does that. The immense advantage of 
allowing a researcher to readily determine and give an accepted name to an 
animal he is inyestigating without waiting weary days in struggling through 
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a vast and scattered literature for the sake of synonymy would surely far 
out-balance any temporary injustice. 

One last phase of my subject and I have finished with what I want to 
say on the subject of organising zoology. In Europe the great museums of 
our metropolitan towns are State museums, endowed by the State, managed 
by the State, and in Great Britain and Ireland staffed and curated by the 
State ; that is to say, the officials at the museums are Civil Servants. Let 
us consider for a moment what that means, and let us take the British 
Museum, which, in its entirety, is second to none in the world as an example 
of a State museum. 

The British Museum was established by an Act of Parliament in the 
year 1753 (26 Geo. II. cap. xxii). This Act sanctioned the purchase of 
collections and library of Sir Hans Sloane, that prince of collectors, for 
the comparatively insignificant sum of 20,0007. In fact, Sir Hans left his 
magnificent collection of natural objects, which, twenty years before his 
death, amounted to just under 70,000 specimens, his library of 40,000 
printed volumes and 4,100 manuscripts, to the nation, on condition that 
20,0007., about one-fourth of the estimated value of the collections, be paid 
to his executors. Under the above-mentioned Act 10,000/. were paid to each 
of Sir Hans Sloane’s daughters, Mrs. Stanley and Lady Cadogan. The 
same Act provided 10,0001. for the purchase from the Duchess of Portland, 
heiress of the second Harl of Oxford, of the Harley collection of charters 
and manuscripts, which were then in the market, and other moneys for the 
purchase and repair of Montagu House, Bloomsbury, and for maintenance. 
The Act incorporated with the Museum the Cottonian Library at West- 
minster, which, by an Act of Parliament of William III.’s reign, was under 
the care of trustees, chief amongst whom were the Archbishop of Canterbury, 
the Lord Chancellor, and the Speaker; the money was raised by a lottery, 
and the museum was opened in January 1759, just 150 years ago. 

Now it will be noticed that at its formal birth the museum consisted of 
about two equal parts—on the one hand books and manuscripts, and on the 
other what used to be called ‘ natural objects.’ 

The ‘ General Repository,’ as the Act of George II. called it, was placed 
in the hands of a body of trustees, now forty-nine in number, three of them 
relics of William III.—namely, the Archbishop of Canterbury, the Lord 
Chancellor, and the Speaker of the House of Commons, are trustees by 
virtue of office. These three are known as the principal trustees ; there are 
twenty-one other trustees in virtue of their office—e.g., the Bishop of 
London, the President of the Royal Society and Royal Academy, and so on 
—one is appointed by the Crown, nine represent the families of donors, and 
fifteen are co-opted. So large and unwieldy a body cannot, as a whole, 
transact the business of a great museum, and they have largely delegated 
their functions to a standing committee of the three principal trustees and 
fifteen annually appointed representatives. 

Now the manner of appointing to the museum is this. The junior 
members of the staff are selected as the result of examination, and when 
appointed they become Civil Servants. Not a bad thing in itself, but bad 
for a man of science. He, through no fault of his own, becomes entangled 
in red tape ; above all, he must not make himself a nuisance ; trop de zéle 
must be avoided, his enthusiasms tend to become checked, he is perpetually 
observing what is called ‘ official reticence,’ and he perforce spends his days 
in performing routine work during routine hours. No amount of skill and 
ability—and the staff at the museum is both skilled and able—hastens his 
promotion. This is a matter almost entirely of seniority. In fact, the con- 
ditions of the Civil Service are incompatible with that freedom to research 
in any line that proves most suggestive, and with that absence of outside 
control which alone makes scientific research on a large scale possible. 

The appointment to the senior staff, the keepers or heads of departments, 


496 TRANSACTIONS OF SECTION D. 


the Director of the Natural History Museum, and the chief librarian, aré 
vested in the three chief principal trustees. This takes us back to the 
reign of William III. and the Cotton Library at Westminster. No doubt 
the then Archbishop, the then Lord Chancellor, and the then Speaker, both 
from propinquity and from their abilities and training, were quite the best 
men who could be found for this position of trust towards this library. 
Probably the present holders of these exalted positions—positions which 
they most worthily fill and which give two of them precedence after royalty 
in all Britain—are most fully endowed with the qualities which fit them to 
elect the senior staff for the library and for the collections of works of art 
and of antiquities at Bloomsbury. I doubt if the same eminent qualities 
enable them to deal equally satisfactorily with the higher posts in the 
Natural History Museum. If Parliament, or indeed any other body, were 
framing a scheme for the management of a great museum of science at the 
present time, I do not think it would occur to anyone that the holders of 
the exalted offices I have mentioned were specially fitted, either by the 
knowledge of the pressing scientific needs and problems of the moment or 
by their intimacy with the men of science of to-day, to be the most com- 
petent electoral body to choose keepers in geology, mineralogy, botany, 
and zoology. And, indeed, the existing arrangement has broken down. I 
do not know how long before Sir E. Ray Lankester’s resignation of the 
joint posts of Director and Keeper in Zoology in December 1907, it became 
known to the trustees that that resignation was imminent, but I do know 
that it was talked about and written about months before that date. Yet 
after the resignation took effect one whole year elapsed before the trustees 
appointed a Keeper in Zoology ; for twelve months there was no head of a 
department which contains collections unrivalled in the world. It took the 
trustees about six months longer to find a Director, and for about eighteen 
months the charge of this great museum of natural history was vested, 
under the trustees, in the Chief Librarian at Bloomsbury. 

As Professor Ronald Ross could testify, after scientific research has 
placed it within the power of man to exterminate so deadly a disease as 
malaria, the real fight begins; and the real fight is to persuade the 
authorities to adopt and enforce the measures which are offered them gratis. 
There is a case in point, if I am not misinformed, on this continent at the 
present time. It has been known since the time of the making of the 
St. Gothard Tunnel that lasting and often fatal disease is caused by a 
small intestinal worm, known as the tunnel-worm or hook-worm. Within 
the last few years Dr. Wardell Stiles has shown quite clearly that the 
unhappy condition of the ‘ poor whites ’ of the Southern United States is due 
largely to their being affected by this hook-worm. Their bodies and their 
intellects are arrested in their development, and the adults amongst them 
are unable to understand the prophylactic measures he advocates, but the 
children can be taught if the proper organisation existed for teaching them. 
Many of the Southern States are friendly to the movement, and I know 
of no greater service that the central Government of the United States 
could confer upon the inhabitants of these southern States, in which, as is 
well known, President Taft takes the deepest interest, than that of detailing 
Dr. Stiles for several months a year to organise and control this movement. 
If this could be done, I believe—and I am here speaking of those things that 
I do know—the United States Government would confer on their own people 
a benefit as great as they conferred on other nations when they freed 
Havana of yellow fever and Panama of malaria. 

In concluding this part of my address I wish to say as emphatically as 
I can that if science is to take its proper place in the polity of the nation 
we must endeavour to have men of scientific training, or at least of scientific 
sympathies, in the Government and also in the Government offices. 

I cannot recollect the name of one single Minister trained in natural or 


PRESIDENTIAL ADDRESS. 497 


physical sciente amongst the numerous members of the British Govern- 
ments of the last thirty-five years. It is not so very long ago—I am glad to 
say that one of the actors of my little story is still with us—that Sir Joseph 
Hooker, then Director of the Royal Gardens at Kew, was walking through 
the grounds with Mr. Ayrton, President of the Board of Works, which in 
those days was the Government Department responsible for Kew. They 
happened to run across Mr. Bentham, the great authority upon the classi- 
fication of plants. Sir Joseph introduced him to the President, adding, 
‘he works in our herbarium.’ ‘ Dear me,’ said the President, ‘I hope you 
don’t get your feet wet.’ Now I do not want for a moment to suggest that 
our present genial President of the Board of Works—whose official connec- 
tion with Kew has been long severed—would not readily distinguish between 
an herbarium and an aquarium, but what I do wish to emphasise is that this 
ignorance of some of the most elementary details of scientific method exists 
in many of our rulers and in many of our permanent officials—not in all by 
any means, I know of some most notable exceptions—but in many. It is 
but human to distrust what we cannot understand, and it is this lack of 
understanding which is largely retarding progress at the present day. 


iif, 


International Ocean Research. 


As an example of international co-operation in scientific research I may 
take the investigations which have been going on for the last seven years 
in the Baltic Sea, in the North Sea, and in that greater Norwegian Sea 
which stretches from the western coast of Norway north to Spitzbergen and 
westward beyond Iceland and the Faroes. In this inquiry no less than ten 
nations—in fact, all those whose shores touch these seas—have had a share 
—England, Scotland, Norway, Sweden, Finland, Russia, Germany, Den- 
mark, Holland, and Belgium—and since most of these countries have a 
special steamer equipped for research and under the command of men 
trained in scientific methods, it has been possible to collect a mass of facts 
connected with the seas of Northern Europe such as has never been got 
together before for any similar area of the ocean. 

The aim of those responsible for the scheme of work waS to obtain as 
complete a survey as possible of the physical and biological conditions of the 
seas in question. They wanted to know the direction of ocean currents, 
both superficial and along the bottom; the variations in the degree of 
salinity of the water in time and in space; the nature of the sea-bottom, 
and whether this could be correlated with the fauna, sessile or moving, 
found upon it, and whether this fauna reacted on the prevalence or absence 
of food-fishes; the influence of depth, salinity, and temperature on the 
fauna; the seasonal variations and fluctuations of the small floating 
organisms often called the plankton; the life-history of our food-fishes, 
where and when they deposited their ova; what became of the ova; the 
distribution of the larval stages ; the age at which the fish become mature, 
and their average length of life. 

Then, again, it was hoped that much could be learned about the influence 
of man’s activity on the sea. The relative depletion of the fish population 
caused by different modes of fishing ; the intensity of trawling ; how often 
does the trawl pass over the same ground in a given time? The question 
whether or no the seas are being over-fished, and, if so, what measures can 
be taken to lessen this evil, either by close time, limiting the size of fish 
captured, or by artificial fish-breeding. Many of these last-named problems 
concern the legislator as much as the man of science. The function of the 
latter is to provide facts upon which the administrator may act. 

Such a vast task as was set out by the International Council in 1902 

1909. : k K 
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has necessitated an immense organisation. Some eight or ten steamers are 
employed making periodic voyages, under the direction of trained men of 
science. Enormous numbers of temperature-readings, investigations into 
the speed and direction of currents, and chemical analyses of sea-water have 
been recorded, and thousands of samples of the bottom, of the animals and 
plants living thereon, of fish in all stages, millions of fish ova, have been 
collected and accurately determined. To work up such an amount of 
material has occupied the attention of a large number of naturalists. Each 
country has at least one large laboratory devoted to this work, and their 
results are co-ordinated and generalised by the central bureau. The 
English part of the work was entrusted by the Lords of the Treasury to the 
Marine Biological Association, and has been carried out under the direction 
_of Dr. E. J. Allen and Professor Walter Garstang at our laboratories at 
Plymouth and Lowestoft. 

Although all the ten countries are working upon what is, broadly 
speaking, a common plan, each has had its own special problems. In 
addition to carrying out the broad outlines of an international scheme, they 
have specialised along lines indicated by their own needs, and have attacked 
problems whose solution affected their own special food supply. Thus 
Norway, where the old open fishing-boat is being replaced by the modern 
decked trawler, has especially studied the cod and the saithe, the haddock 
and the herring, and has devoted much time and labour to the discovery of 
new fishing grounds, and has successfully done this along the Norse coast, 
in the Arctic circle, and on the banks between the Faroe Islands and 
Iceland. They have further established a trade in Pandalus borealis, 
allied to the prawns, which are taken in the deep waters off Norway, and 
are now to be bought in most fishmongers’ shops in Great Britain. 

Ina similar way the Danes have tracked the eels as they leave the 
estuaries of the great rivers of Central Europe across the North Sea to the 
deep Atlantic off the West of Ireland, just beyond the 1000 fathom line. 
In these depths they spawn and the resulting larval form, the Lepto- 
cephalus, long thought to be a separate genus, lives there for a while, until, 
gradually changing into an elver, it retraces by some mysterious instinct 
its parents’ path across the ocean and regains the fresh-water rivers which 
those parents had left. 

The English share of the investigation is limited to that part of the 
North Sea which lies south of the latitude of Berwick, and for the most 
part to the western half of these seas and to the English Channel ; the 
latter, as we shall see, is a very important area. The work, so far as it has 
been specialised, deals, in the North Sea, largely with the plaice, with the 
food of fishes generally, and with the character of the deposits forming 
the sea-floor, with the creatures growing thereon. In the Channel the 
Iinglish worker is entirely responsible for the study of the hydrography of 
the water, which, entering the North Sea through the Straits of Dover, 
contributes greatly: to its mass. ¥ 

As a result of Professor Garstang’s investigations, an important 
spawning ground of the plaice has been located in the southern bight of the 
North Sea; the migration of both sexes has been traced to these grounds 
‘on the advent of the spawning season, and their return to their feeding 
grounds in the spring has been followed. During the spawning season it 
is usual to catch more males than females on the spawning grounds, possibly 
because at this time the female is inert and elusive, whilst the male is 
unusually active. 

‘The course of the ova has been traced, chiefly by the Dutch investigators, 
as they drift towards the shallow fringe of coastal water, by far the greater 
number along the continental coast. Here the young fry grow up, and, 
after attaining a certain size, they leave the shallow coastal waters for the 
deeper seas off shore. Comparatively few of these, however, reach the 
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feeding ground of the Dogger Bank, and Garstang has been able to show 
that by carrying the young plaice in steamers and transplanting them at 
the proper time on to this rich feeding ground, their rate of growth can 
be greatly accelerated and thus their market value largely increased, just 
‘as Dr. Petersen has done in the case of plaice on Thisted Bredning. 

A few years ago there was no reliable method of determining the age of 
fish. Petersen’s method of arranging the measurements of a large number 
of specimens in a scale according to size, when they resolved themselves into 
certain groups, which were considered to coincide with age-classes, has been 
superseded by the discovery of Reibisch, Heincke, and others, that many 
of the bones, the scales, and the otoliths of fishes show annual age-rings, 
like those found in the trunk of a tree or in the horns of cattle. By 
laboriously counting the rings on the otoliths of thousands of plaice, 
Dr. Wallace and others have been able to determine their rate of growth, 
and to show that some specimens attain the age of twenty-five and even 
twenty-nine years. Similar investigations have shown that the sexes have 
a different rate of growth. The age at maturity is found to differ in 
different regions, but in the majority of cases Wallace found that the males 
are sexually mature (four to five years) a year before the female is capable 
of spawning (five to six years). We can now correlate age with size and 
with weight. 

The migrations of the plaice and of other fish and their rate of growth 
depend, amongst many other factors, upon their food supply. And the 
nature of the food of fishes has recently been re-investigated in the North 
Sea. I give some of Todd’s results, which were made by the examination 
of some thousands of fish of thirty-one species. Of these I select three— 
the cod, the plaice, and the dab. 


Percentages of stomachs containing various kinds of food 


Cod. 

Size of fish in cm., 0-15 15-30 30-60 60+ 
Pisces 5 on a ONPG 11 p.c. 52 p.c. 67 p.c. 
Mollusca . nO 2 16 4 
Crustacea . . 100 95 67 3 
Polychaeta xO 9 9 26 

Plaice 

Size of fishincm.. 0-10 10-20 20-380 80+ 
Pisces ‘ » _O0'p.c; 1 p.c. 5 p.c. 5 p.c. 
Mollusca . a he 66. 76 84 
Crustacea , 2 eB, 16 13 1L 
Polychaeta Aes) 37 51 42 
Echinoderma . 0 20 13 6 

Dabs 

Size of fishincm.. 0-10 10-20 20-380 30+ 
Coelenterata . Ope. 18 p.c. 18 p.c. 20 p.C. 
Echinoderma . 0O 26 25 2 
Polychaeta » 30 22 20 10 
Crustacea . 2 70 30 SD 61 
Mollusea . pares 48 57 65 


These tables show what, of course, was more or less known before, that 
as a rule the young fry live very largely, and in many cases solely, on 
crustacea. To a great extent the supply of suitable food dominates the 
movement of the young fry, for nowhere is the truth of the Frenchman’s 
definition of life, ‘I eat, thou eatest, he eats,’ with its terrible correlative, 
‘IT am eaten, thou art eaten, he is eaten,’ more true than in the sea. Later 


in life the fishes’ taste alters, and with increased size they can ries 
, r KK 
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animals whose calcarecus deposits would seem to render them highly 
indigestible. 
Very careful investigations have been made and are being made by 


Mr. Borley and Mr. Todd as to the distribution of the fauna of the middle | 


and southern parts of the North Sea, and its relation to the depth of water, 
the varying degree of salinity, and to the texture of the bottom deposits. 
These results, however, have not been published, but I may go as far as to 
say that the inquiry shows that within the area investigated the texture 
of the sea floor has, on the whole, more influence on the distribution of the 
invertebrates of the bottom fauna than has depth, and that depth in the 
area in question seems to have more influence than salinity. 

With regard to the character of the bottom deposits, it has been found 
by Mr. Borley that off shore and on the gently shelving continental coast 
the sea bottom is of a uniform character over wide areas, though on the 
western side it is more patchy; and it has proved possible to divide the 
samples taken into some nineteen main types, each characteristic of one or 
more of the areas into which the region has been split up. Only one or 
two details of this laborious work can be mentioned. One is that the 
texture or degree of coarseness of the ground in various parts of the sea 
is such as to suggest that the distribution of the finer grades of material, 
the finer sands and silts, is greatly influenced by the joint action of 
currents and tides. It is, for instance, known that in the southern part of 
the North Sea the main direction of the bottom current is to the north and 
then to the east; and examination of the deposits shows a regular diminu- 
tion in the proportion of the coarser sands, a regular increase in the pro- 
portion of finer material, as we proceed from the Straits of Dover in a 
north-easterly direction. A remarkable fact in this connexion is the com- 
plete absence of silt from the sandy bottom west of the mouths of the great 
rivers Rhine and Maas. There can be no doubt that the presence of broad 
and shallow stretches of sand on the continental, but not on the English, 
side of the North Sea is one of the factors which has determined the dis- 
tribution of the small plaice, which on the continental shores are so extra- 
ordinarily abundant, and on the English shores are relatively so scarce. 

By means of bottles weighted with shot, so as to have about the same 
specific gravity as the surrounding sea water, Mr. G. P. Bidder has been 
able to trace slow currents moving over the bottom of the sea. The bottles 
are closed, and contain a postcard in many languages, offering a reward to 
whosoever returns the postcard, recording the latitude and longitude of the 
place it was trawled at, to our laboratory at Lowestoft. Attached to the 
neck of the bottle is a copper wire a foot and a half long. This wire trails 
along the bottom, the bottle itself floating about a foot and a quarter above 
the level of the ground. Slowly as the bottles are swept along, yet the 
distance they cover is sufficient to sharpen the free end of the wire to a 
needle point. 

By these and by other methods it has been possible to trace the almost 
imperceptible but steady flow of waters along the bed of the sea. Without 
doubt these currents influence the distribution of the larval and young 
forms of all the creatures which live near the bottom, and especially 
influence the migration of food-fishes in their younger and less active stages, 
when they are swept helplessly along. 

But these bottles have a double lesson to teach us: not only do they 
enable us to chart the slow streaming of the bottom water, but they give us 
to some exterit a measure of the intensity of trawling in the North Sea. 
They have been refished in really surprising numbers. Commercial trawlers 
have retaken them at the rate of 58 per cent. per annum. In one area 
these bottles cast upon the waters were retaken, not after many days, but 
after very few. Out of 390, eighty-five were recovered in six weeks, and 
fifty out of 270 were trawled in five weeks, representing a local intensity 
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of fishing which if continued would give us between 80 per cent. and 90 per 
cent. of recaptures in a year. 

Marked fish which have been liberated and yeciptured tell the same 
story of intensity of fishing. 

The intensity of fishing as indicated by the percentage of recaptures 
within twelve months of liberation is shown by the following table * :— 


Percentage 
Off shore Fish undér 25 cm, Over 25 cm, 
Dutch coast . : : = 23°7 20°3 
Deep water, Southern Bight : 13:0 26°6 
Leman Ground (liberated April and May) 18:7 17-4 
Leman Ground (liberated December) . — 21:0 
Horn Reef outer ground . ‘ : : 33:3 23:0 


Obviously, since some fish are known to have been captured but not 
returned to the laboratory, the method gives a minimum estimate. 

By applying the same method to the marking experiments of other 
countries as well as our own, Garstang”* gave the percentage recovered 
within twelve months of liberation of fish over 25 cm. in length as from 
4 per cent. on the Fisher Bank to 56 per cent. in the Skager Rak. 

When we reflect on the chances of these marked fish dying or being eaten 
or losing their labels, it is surely a most remarkable fact, full of significance 
to the practical man, that in the North Sea marked fish of marketable size 
are recaptured at the rate of between 20 and 30 per cent. each year, and 
sometimes at a greater rate. It would seem that each square yard of the 
fishing grounds is swept by the trawl not once, but again and again each 
year. 

Mr. Borley has conducted a large series of experiments to determine 
the vitality of fish after they have been captured by both the beam and 
the otter-trawl. It was necessary to determine the degree of injury caused 
by the actual trawling, the raising of the trawl, and the subsequent expo- 
sure on deck. The larger fish of both sexes were capable of resisting the 
damage to a greater extent than those of smaller size, and the relative 
resistance of the two sexes varied at different sizes, the male showing a 
decline in the increase of its vigour as it approaches maturity. One factor 
which is very deleterious to the fish is the presence of jellyfish in the trawl ; 
these either smother the fish or possibly sting them to death; at any rate, 
the mortality of the fish is enormously increased when medusae are present 
in any numbers. The otter-trawl is also far more harmful than the beam- 
trawl, and exposure on deck to a hot sun is another constant source of 
death, one hour’s such exposure in one series of experiments killing 99 per 
cent. of the smaller fish. In the ordinary commercial operation of trawling, 
whilst the fish are being sorted those that have no market value lie about 
on the deck of the vessel for at least an average period of one hour ; hence 
it is extremely probable that when shovelled overboard practically all are 
dead or dying. 

The work which has been done by our own special steamer has been 
supplemented by records carefully kept by certain selected captains of 
commercial trawlers, which sail from Grimsby or from Lowestoft. In this 
way the details of some 20,000 hauls have been examined, and their results 
tabulated by Miss Lee. 

I have left myself no time to describe the important hydrographical 
investigations carried on by Mr. Mathews into salinity, temperature, etc., 
which show us the conflicting currents at the mouth of the English Channel 


‘ Garstang, North Sea Fisheries Investigation Committee Southern Area, Report 
No. 1. 

2 Provisional Report on the Natural History of the Plaice (Committee B), 
Procés verbaux, vol. iii, 
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and how the North Sea in its southern part is supplied with water from 
the Atlantic through the Channel. The curious ebb and flow of the Gulf 
Stream, its periodic welling up and subsidence, closely connected as they 
seem to be with the migrations of the herring, cod, and haddock shoals, is 
another most important matter of investigation. 

Neither can I tell you in detail of the immense amount of work which 
is being done by the other countries which share in the international scheme, 
by the Scottish Fishery Board, the pioneer in Great Britain of this sort of 
research. To the west our Channel work is beginning to get into touch 
with the more recently established Irish Fishery Board, and with the work 
carried on under the direction of Professor Herdman in the Irish seas. 

The outcome of all this minute and continuous investigation will, in 
time, tell us whether or no the North Sea fisheries are being exploited in 
the most profitable way—a very important question for our country, for 
with a fishing fleet of 27,000 vessels, manned by 90,000 fishermen, who land 
900,000 tons of fish a year, valued at 10,000,000/., Great Britain takes 
90 per cent. of what is caught in the North Sea. Some statistics indicate 
that there is a falling-off. The steam trawlers in 1905 landed 25,000 tons of 
fish less than in 1904, and in 1904 there was a similar shortage on the total 
of 1903. And yet 1903 was a year in which some crisis took place; the 
growth of the haddocks and the number of young haddocks were far less 
than normal, the Norwegian cod fisheries sank to a minimum, the French 
statistics showed the same feature in their fisheries off Iceland. In 1903, 
however, there were unusually large numbers of small plaice. The polar 
ice-field pressed down south, and seals, cetacea, and arctic birds left their 
usual quarters, and came south in some cases as far as Shetland. The 
gigantic climatic changes indicated by the above undoubtedly disturbed for 
a time the rate of increase and the rate of growth of the fish population of 
the North Sea, but they soon returned to their normal state. Compared 
with such mighty influences the fishing activity of man seems almost 
negligible, and Dr. Hjort for one thinks that ‘the productiveness of fish’ 
‘may be regarded as independent of the interference or fisheries of man.’ 
I am not sure that this is so. Taking large areas and all fish into con- 
sideration, it may be true ; especially it would seem to be so of some species, 
such as the herring, the saithe, and the cod; but in certain areas and with 
certain fish, such as the sole and the plaice, man’s activity has undoubtedly 
decreased the number. 

Although the researches of the last few years have immensely increased 
our knowledge of what is going on in tne sea, they have, like an ever- 
widening circle, but increased the number of problems which await solution. 
It is earnestly to be hoped that the work may go on on at least its present 
basis. The business man, always on the outlook for a dividend, has some- 
times complained that some of our inquiries do not seem to him practical, 
but he must have patience and faith. A few years ago no knowledge could 
seem so useless to the practical man, no research more futile than that 
which sought to distinguish between one species of a gnat or tick and 
another ; yet to-day we know that this knowledge has rendered it possible to 
open up Africa and to cut the Panama Canal. 


And here, if I may quote the words of the author of the Maccabees: 

‘ And here will I make an end.’ 

‘And if I have done well, as is fitting the story, it is that which I 
desired ; and if slenderly and meanly, it is that which I could attain unto. 

. . . And as wine mingled with water is pleasant and delighteth the taste : 

even so speech, finely framed, delighteth the ears of them that read the 
story.’ 

‘And here shall be an end.’ 
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The following Papers ani Reports were then read :— 


1. On the Osteology of the Lophobranchii. 
By Professor H. JuNcErsEn. 


The skeleton of the Lophobranchii has hitherto been most unsatisfactorily 
examined. The cranial structures, especially the suspensory apparatus, 
the gill-arches and the scapular arch have been incorrectly interpreted by 
all previous authors. In the skull parietals and opisthotics are wanting; 
the pterotics are greatly developed, reaching below to the basioccipital, and 
preventing the exoccipitals from meeting the prootics. These two features, 
together with the prolongation of the anterior part of the skull (mesethmoid 
and vomer), the Lophobranchii have in common with the Solmostomide, the 
Fistularide, the Aulostomide, and the Custriscide; these families form 
with the Lophobranchii one natural group, the ‘ Solenichthyes’ of Regan. 

The suspensory apparatus contains all the typical parts; only the 
metapterygoid is absent. The lower jaw is composed as usual, but the 
angular is very small; by some authors it was supposed to be wanting. 
The three opercular bones are all present; the subopercle is hidden by the 
opercle, and therefore easily overlooked (especially in Hippocampus). 

Two infraorbitals are found in the Syngnathine, three in the Hippocam- 
pine group. The hindmost infraorbital corresponds to the preorbital in 
other bony fishes. The infraorbitals do not contain any canal for the lateral 
line, neither are any of the other cranial elements nor the scutes of the 
body provided with lateral line-canals. The hyoid consists only of four 
pieces (Siphonostoma, Syngnathus, Hippocampus) or three (Nerophis). 
In the first case the ceratohyal seems to be absent, in the latter also 
the upper hypohyal is wanting. Most Lophobranchs have two branchio- 
stegals, but Nerophis has only one, which distally bifurcates.~~Glossohyal 
and urohyal are always present. In Hippocampus basibranchials are 
totally absent; in other Lophobranchii the two anterior ones are found. 
The gill-arches are slender and feebly ossified, and show a somewhat rudi- 
mentary condition. In most Lophobranchii the three anterior arches have 
epibranchials, the second and third besides possess pharyngobranchials ; 
but the epibranchials are widely separated from their ceratobranchials. 
In Nerophis no epibranchials are found, and the pharyngobranchials are 
reduced to one on each side, probably representing that of the second 
arch. The hypobranchial of the first arch is wanting in Szphonostoma and 
Syngnathus, but present in Hippocampus and Nerophis. An interesting 
step towards the condition in Lophobranchs is shown by Fistularia and 
Aulostoma when only the three anterior arches possess epibranchials, which, 
except that of the first arch, are separated from their ceratobranchials ; 
but these genera have preserved the fourth pharyngobranchial. Also a 
reduction of the basibranchials is apparent here as well as in Solenostomus. 

The scapular arch is cartilaginous to a much greater extent than is the 
case in other Teleosteans, but a small ossified scapula is found as well 
as a coracoid. The coracoid has been interpreted as two ‘interclavicles’ 
(W. K. Parker, 1868) or as one ‘interclavicle’ (Smith, 1895); the 
scapula has been totally overlooked or considered as the uppermost of five 
basals (Goodrich, 1909). In reality there are four basals, as in most 
Teleosteans. The distal ends of these bones are on each side provided 
with two or three processes bearing irregular flat expansions, which lean 
against the dermal skeleton and the dermal part of the clavicle. In this 
way the whole part on which the pectoral fin-rays play is immovably fixed 
between the lips of the slit in the armature for the pectoral fin. Through 
the narrow apertures left the tendons pass from the pectoral muscles to 
the base of the fin-rays, thus arranged between and conducted by a system 
of ‘coulisses.’ In this way the whole scapular system is strengthened by 
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the dermal armature, and the extremely thin and tragile, mostly carti- 
laginous, apparatus is rendered capable of giving origin to such powerful 
muscles as really are found here. 

The three anterior vertibree are immovably joined together, their neural 
arches being firmly bound by sutures with long dentations; besides, the 
two anterior are fixed to the expanded clavicle. The same immobility is 
found in Solenostomus without the clavicle here taking any share in the 
fixation. 

The vertebre bearing the interspinous bones for the dorsal fin are 
provided with secondary transverse processes close behind the primary ones ; 
thus the surface is enlarged, which gives attachment to the powerful muscles 
of the dorsal fin, the chief agent in swimming. The upper ends of the 
(bisegmented) interspinous bones bear flat expansions, on which the plates 
of the armature rest; through the small apertures left the tendons of 
the fin-muscles pass in a similar way as in the pectoral fin. As modified 
interspinous bones the nuchal plates may be regarded, a view which seems 
te be corroborated by the facts found in Aulostoma and F'istularia. Two 
nuchal plates are present in the Syngnathine group; a third is added 
behind these in the Hippocampine group; but the first, present in 
Hippocampus, the ‘Corona,’ and Solenognathus, is wanting in Gastero- 
tohcus and Phyllopteryz. 


2. Texas Fever in Cattle: its Cure by the Use of Drugs. 
By Dr. 8. Hapwen. 


3. Report on the Occupation of a Table at the Zoological Station, 
Naples.-—See Reports, p. 191. 


4, Report on the Index Animaliwm.—See Reports, p. 195. 


5. First Report on the Feeding Habits of British Birds. 
See Reports, p. 196. 


6. Report on Experiments in Inheritance.—See Reports, p. 195. 


7. Nineteenth Report on the Zoology of the Sandwich Islands. 
See Reports, p. 197. 


8. Interim Report on Zoology Organisation.—See Reports, p. 198. 


9. Report on the Occupation of a Table at the Marine Laboratory, 
Plymouth.—See Reports, p. 198. 


10, Interim Report on Experiments on the Development of the Frog. 
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MONDAY, AUGUST 30, 
The following Papers were read :— 


1. Paleobiology and the Age of the Earth. By Professor 
A. B. Macatuum, F.B.S. 


2. The Pre-Nuptial Plumage in Calidris arenaria. 
By C. J. Patten, Sc.D. 


It may be well to state very briefly what led up to this investigation. 
Repeated observations on the Sanderling during its vernal migration show 
that the species occurs in varying numbers throughout the breeding-season 
on different parts of the British coast. A certain proportion of the migrants, 
pushing northward, appear to sojourn with us during the summer. These 
birds, while assuming what might easily be mistaken for the nuptial 
plumage, show no evidence that they remain to breed, for the flocks keep to 
the coasts and do not split up into pairs. Based upon the above data I have 
elsewhere put forward the hypothesis that the birds were immature (vide 
Naturalist, 1909, pp. 84, 85). Here I hope further to strengthen this 
hypothesis by direct objective evidence obtained from an examina- 
tion of the plumage-markings. The rich variegated markings of 
chestnut, brown, and black, which appear on the head, neck, breast, 
back, and wings, are found in the summer plumage in Sanderlings 
in all ages, after the first winter plumage. It is generally known as 
the nuptial plumage. When, however, the tertials of those birds which 
tarry with us till late June, July, and the beginning of August are 
examined it may be noticed that they, like the tertials of the first winter 
plumage, are relatively short, the longest not reaching to the tip of the 
fourth primary feather, the wing being folded in the natural position. By 
far the majority of Sanderling which I have collected in late spring and 
summer have short tertials, and to such plumage I give the name of 
pre-nuptial, from its close resemblance to the true nuptial plumage which 
. it precedes. But a few specimens collected towards the end of April and in 
early May, from small flocks, showed on examination to have longer tertials 
which reached halfway between the tip of the fourth and third primary, 
and in some cases almost to the tip of the third primary. Such birds I 
believe have assumed the adult nuptial plumage of the second or subsequent 
springs. This plumage follows the plumage of the second or subsequent 
winters, in which the long ashy-grey tertials are easily distinguishable from 
the darker shorter ones of the first winter plumage. With reference to the 
flocks which may be seen early in August (before the advent of the birds of 
the year), I may cite that out of a large flock which appeared on the Dublin 
coast on August 7, 1900, I secured several, all of which had short tertials ; 
moreover, the birds were very fat and in good condition, and showed no 
signs of having gone through the task of hatching and rearing a family, 
while their liveliness on the beach indicated that they were not suffering 
from migration fatigue. Such evidence tends to disprove the idea that 
these early August birds have descended from their breeding-haunts in 
northern regions. They have probably remained throughout the summer, 
but at the beginning of August have mustered into large gatherings. It 
may be added that in both pre-nuptial and true nuptial plumage there 
seems to be a considerable amount of variation in the distribution and 
intensity of the rich brick-red colouration which is so characteristic. Both 
plumages are assumed by an extensive vernal moult, involving not only the 
feathers of the upper and under-parts, but also the wing-coverts. It would 
appear, however, that the winter primaries are not shed. 
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3. The Germinal Disc in Naturally Incubated Eggs of Passer 
domesticus. By C. J. Patten, Sc.D. 


Due reflection on the facts that nests (or, in the case of those birds which 
make no nests, the soil on which the eggs are deposited) vary to an extra- 
ordinary extent in their heat-retaining properties ; that the protecting egg- 
shells vary strikingly not only in their thickness but in their porosity and 
other structural peculiarities; and lastly that avian embryos vary to a 
considerable extent as regards their vitality when heat is withdrawn from 
the shell, has led me to think that the method of studying avian embryology 
by means of the artificial incubator is not always the most reliable. In 
making this statement I am fully sensible of the successful issues which 
have been brought about by artificial incubation. Not only the eggs of the 
Domestic fowl, but also those of wild birds of markedly different nesting 
habits can be hatched out so that the chicks are healthy and continue their 
post-natal growth vigorously. Still, when using the incubator extensively 
one frequently finds that monstrosities arise as well as ill-defined develop- 
mental phases. That birds allow their eggs to cool down for short periods 
I have little doubt, this taking place in some species much more than in 
others. Furthermore I have noted how some birds are more anxious than 
others to return to the duty of hatching, due allowance being made in the 
case of close sitting towards the end of incubation. It would thus appear 
that brief periodic coolings of incubating eggs in a state of nature might 
prove beneficial rather than otherwise, and in support of this theory I 
would state that in my experience with the incubator I have found many 
more irregularities in the developmental phases of avian embryos when sub- 
mitted to hyper-normal than sub-normal temperatures. With such pre- 
liminary remarks I may now briefly indicate the changes which I observed 
during the first six hours or thereabout in a clutch of naturally incubated 
eggs of the house-sparrow (Passer domesticus). The site of the nest was so 
conveniently near my laboratory that not more than about two minutes 
was required to transport an egg for examination. On the fifth egg being 
laid the mother bird began to sit. One egg was then removed and the 
germinal disc, circular in outline, was seen to be 2°5 millimetres in diameter. 
The pellucid area was very distinct and contrasted strongly with the external 
opaque area, both being almost circular. The second egg was removed after 
the bird had been sitting for about forty-five minutes. Examination showed 
a well-defined primitive streak with little of the embryonic shield remaining. 
Viewed from above the primitive streak was seen scored along its entire 
length. The posterior end of the streak falls short of the posterior border 
of the area pellucida. The diameter of the disc measured four millimetres. 
The third egg was allowed to incubate for fifteen minutes longer. The two 
zones were slightly oval, though the entire disc remained circular. The 
posterior part of the primitive streak was thickened into a distinct round 
knob which reached to the posterior end of the zona pellucida. The diameter 
of the entire disc measured six millimetres. The mesoblast had invaded 
laterally the zona pellucida, and a faint trace of the neural groove was seen 
to commence in front of the primitive streak. The amniotic fold was also 
faintly discernible. 

The fourth egg was removed an hour later. On the disc was seen the 
dorsal opening of the neurenteric canal situated between the front of the 
primitive streak and the posterior end of the neural canal. The anterior 
half of the latter had not yet appeared. The entire disc had not increased 
to a larger size than the preceding one. 

Opportunity was not afforded me of removing the last egg until four 
more hours had elapsed. Examination then showed that the entire dise was 
no larger than the preceding ones, but the neural groove had appeared along 
its entire length and the amniotic fold was quite distinct. Comparing these 
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phases with such in the fowl’s egg, artificially incubated, it is seen that in 
the latter they do not appear so early. This may in part be associated with 
the longer time that the fowl takes to completely incubate its eggs, but it is 
noteworthy that the discrepancy in the time of the appearance of the cor- 
responding stages of development in the case of the sparrow’s eggs may be 
further bridged over if one assumes that the naturally well-constructed heat- 
retaining nest allowed development to proceed during the laying of the clutch, 
that is to say prior to the period when the mother bird took on the task of 
incubating. 


4. British Pleistocene Canidae. By Professor §. H. Reynoups, M.A. 


Three species are found, the wolf, fox, and Arctic fox. There is no 
evidence of the existence in Britain, in Pleistocene times, of any animal 
that could be called a dog. The wolf, which is first found in Pliocene strata, 
abounded in England in Pleistocene times, its bones having been recovered 
from 47 out of the 51 deposits referred to. There are few records from the 
Scotch Pleistocene, probably owing to the lack of caves, but this explanation 
will not account for the scanty and generally fragmentary character of the 
wolf-bones found in Ireland, where they are known from only twb Pleistocene 
caves. The distribution of the fox in cavern deposits is almost identical 
with that of the wolf. The Arctic fox has been recovered at present from 
only four English Pleistocene deposits, and one Irish. The find described 
as Lycaon anglicus is thought by the author to be better regarded as a some- 
what abnormal wolf. 

While apart from any difference in size the skull of a fox is readily dis- 
tinguished from that of a wolf or dog by the depressions in the post-orbital 
processes of the frontals, it is extremely difficult, if not impossible, to 
find any valid distinctive character as between dogs and wolves. The most 
useful character, for which we are indebted to Studer, is the orbito-frontal 
angle. He regards skulls in which this angle measures 40°-45° as belong- 
ing to wolves, and as belonging to dogs skulls in which the angle is 
greater than 45°. The author’s measurements, while confirming Studer’s 
contention that the angle in question tends to be decidedly less in the wolf 
than in the dog, show that the distinction is not absolute, and cannot be 
relied on in all cases. 


5. The Réle of Visual Function in Animal and Human Evolution. 
By Grorae M. Gourp, M.D. 


The author sought to bring to better recognition the difficulties encountered 
in the creation and the adaptation of the eye to the environment, a large 
and intimate part of the environment being the animal and human body 
itself. The difficulties were grouped into those which relate to :— 

1. The embryology and optics of the eyeball. 

2. The réle of vision in the development of self-motility of the body. 

3. The progress from divergence to parallelism of the optic axes, or from 
laterality to forward-looking. 

4. The adaptations consequent upon the assumption of the vertical 
posture of the body. 

5. The development of the shading mechanisms of the retina. 

6. The struggle against astigmatism and other forms of ametropia, 
accommodational failure, cataract, ocular and systemic disease. 

Embryology is suggestive in the facts that the essential part of the eye, 
the retina, is cerebral substance pushed without the skull—‘ the brain comes 
out to see’; and, secondly, that at so early a period eye and muscular 
tissue are coincidently developed. Ubi motus ibi visus thus illustrates that 
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vision is a condition of self-motility. Those individuals and types not 
securing the better vision are those excluded. The difficulties of creating 
the eye were so great that the unfit were usually those visually unfit. 
Ascent of types to fuller or higher function is measured and also largely 
caused by the slow approach of the visual axes from extreme divergence to 
the parallelism of Simiae and Homo, fighting-power and individualism 
proceeding pari passu with every approach to parallelism of the visual axes. 

A still more profound visual difficulty was overcome when it was found 
visually possible to guide and render habitual the change from horizontality 
of the animal body to verticality, partly effected in the Marsupialia and 
the Simiae, but successful in Homo. It was plainly impossible to create 
visual organs fitted equally well to serve animals at once horizontal and 
vertical ; even the intermediate or 45° animals, as the kangaroo, are zoologic 
failures. With the verticality of Homo severe labour was thrown upon the 
lumbar portion of the spinal column, but the influence of the ocular function 
of civilisation was required to produce the 80 per cent. of cases, among our 
educated classes, of lateral spinal curvature. With Homo came early the 
use of the hands as manipulative tools, the development of righthandedness 
and lefthandedness, the formation of language, and the location of the 
cerebral centres of righthandedness and speech in one cerebral hemisphere. 
Inevitable was also the development of righteyedness governing righthanded- 
ness, and of lefteyedness in lefthandedness. With the high differentiation 
and perfection of visual function in vertical man arose the necessity of the 
fifteen shading mechanisms of the retina upon which its greatest sensitive- 
ness depends. One of the most necessary of the shading devices is the 
placing of the border of the upper lid across the cornea at the upper edge of 
the pupil, whence arises astigmatism, a source of one of the most formidable 
of the ills of humanity. Direct and indirect consequences are the functional 
diseases seemingly of cerebral, digestional, and neurological nature, but 
really constituting the chiefest cause of exclusion of affected individuals 
from the evoluting phylum. The cerebrum is the inherited average of all 
past experience with approximately perfect visual images. When a highly 
variant individual stimulus comes in collision with this massive inheritance 
of the normal past, the individual and his morbidity must both be re-fused 
-—unless it be normalised artificially—-as is possible in this case, 


TUESDAY, AUGUST 31. 


The following Papers were read and Resolutions passed :— 


1. On the Distribution of the Rotifera. 
By Cuartes F. Rousssiet, F.R.M.S. 


The results of recent investigations point more and more to the fact that 
the Rotifera enjoy a cosmopolitan distribution which is not limited to con- 
tinents, but extends to all places on the surface of the earth where suitable 
conditions prevail. | Wherever search has extended in Europe, America, 
Africa, India, China, Australia, and even the North and South Polar 
regions, the same genera, and even species, have been met with, and it is not 
possible to speak of any typical or peculiar Rotatorian fauna for any con- 
tinent, zone or region. 

It is true that some species have so far been found in one locality only, 
but that must be attributed to the fact that no country has as yet been 
thoroughly explored. The greatest number of species are known from 
Europe, and in particular from England, evidently due to the fact that in 
this country the greatest number of searchers have been at work on this 
group. . 
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In the United States the Great Lakes have been explored by Jennings, 
and the Illinois River by Prof. Kofoid, and some few other regions by Kelli- 
cot, Hempel, and others, and, though about 300 species have been recorded, 
no very peculiar and distinctive American forms have been revealed. 

In Canada, unfortunately, no one has yet been found to take up their 
study, and the Rotatorian fauna of the Dominion therefore remains quite 
unknown. 

From South America 80 species have been recorded by Prof. Von Daday 
in plankton collections made in Paraguay, of which three only are described 
as new, all the others being already known in Europe. 

During the British Association meeting in South Africa in 1905, I 
myself collected in various widely separated localities—Capetown, Orange 
River Colony, Transvaal, and Rhodesia—in all 63 species, all of which, 
except one, were already known in other parts of the world. Even in the 
Zambesi River, where I obtained 38 species in pools just above the Victoria 
Falls, all of them without exception were already known outside Africa. 
Gunson Thorpe, W. Milne, Thos. Kirkman, and James Murray have re- 
corded about 100 more species from other parts of South Africa, of which 
less than half a dozen were new forms. 

From Central Africa I have examined collections made by Dr. W. A. 
Cunnington in Lake Tanganyika and adjacent rivers, and, though this 
material was very poor in Rotifera, I obtained about 40 species, all known 
already in Europe. 

In moss collected in the Sikkim Himalaya in India, Mr. Jas. Murray 
observed 36 species, mostly Bdelloids, of which five only were as yet unknown 
in Europe. 

As regards distribution in Arctic and Antarctic regions, I may mention 
that Dr. Bergendal has recorded 82 species, belonging to 38 genera, from 
Greenland, where the pools and shallow lakes are frozen, often to the bottom, 
for eight months in the year. With the exception of a few new species found 
there for the first time, all these forms belong to the ordinary European 
fauna. 

In collections from two lakes in Iceland, Dr. Wesenberg-Lund found 
nine species of Rotifers, all having a wide distribution in Europe. 

From Ross Island, in the Antarctic continent, Mr. Jas. Murray has quite 
lately brought back evidence of a considerable Rotatorian fauna, mostly 
Bdelloids, which he found living in large patches at the bottom and also on 
the surface of shallow lakes formed during the short summer period ; most 
of these are common forms in Europe, Africa, India, and elsewhere, but 
a few will be described, as new species. During the cold weather these 
Bdelloids contract into little balls and are frozen solid, but revive imme- 
diately the ice melts. Hydatina senta, a large and very cosmopolitan 
species, was found in abundance in one of the lakes on Ross Island. 

The very erratic appearance of rare or uncommon species in widely 
separated places seems to show that distance is no obstacle to their distribu- 
tion, provided only that they find suitable conditions. A few examples of 
such erratic distribution may here be cited :— 

Lrochosphera equatorialis was found by Semper in ditches which inter- 
sect rice fields in the Philippine Islands in 1859; its next appearance was 
in 1889 in Australia, where Gunson Thorpe found this same spherical Roti- 
fer in a pond of the Botanic Gardens in Brisbane; other examples were 
given. 

These examples of the occurrence of rare species of Rotifera in widely 
separated and distant lands will suffice to show the extreme range of distri- 
bution which these very minute but highly-organised animals have attained, 
and this in spite of the fact that they are essentially fresh-water forms and 
that the sea is to them an impassable barrier. 

As regards temperature it appears that, though the majority prefer a 
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moderate degree of heat, there are many species which live equally well in 
cold Arctic and Alpine lakes, where the temperature is only a few degrees 
above freezing point, and in the warm lakes of tropical countries. But there 
is no doubt, also, that some species are able, slowly no doubt, to accom- 
modate themselves to much higher temperatures, and Dr. R. Issel has found 
10 species, ordinary kinds, living in hot springs near Padua in Italy, at 
temperatures ranging between 35° and 45° Centigrade. 

On the other hand, in Arctic regions, where all water becomes solid 
during the greater part of the year, the Rotifers, or their eggs, survive the 
most severe frost, and come to life again as soon as the ice melts. Mr. Jas. 
Murray informs me that in the Antarctic regions he found at the bottom of 
a lake on Ross Island, which had been frozen solid for an unknown number 
of years, a layer.of mud containing frozen Bdelloid Rotifers, which re- 
covered and came to life immediately they were placed in water. In order 
to reach this bottom layer Mr. Murray had to make a shaft 15 feet deep 
through solid ice. This, I think, constitutes a record of endurance for 
Rotifera,. 

To account for such a distribution over the whole of the globe, it has been 
supposed that most species of Rotifera can be dried up and their bodies 
carried by the wind, as dust, for long distances, and then come to life 
again on landing in suitable surroundings. This is, however, a very 
erroneous generalisation of the fact that a very few species of Bdelloid 
Rotifera, and in particular Philodina roseola, as first shown by Davis, are 
capable of secreting, when drying slowly, a gelatinous envelope in which 
they can resist drought for many months, and come to life again on 
being placed in water. ; 

This property appears to be confined to the above species and some 
moss-haunting Rotifers of the genera Philodina and Callidina, which 
habitually live on moss that periodically dries up and then becomes wet 
again by rain. Species living in always submerged moss do not appear to 
acquire this property. Another condition of the formation of the protect- 
ing gelatinous envelope is that the desiccation should be slow, otherwise 
it cannot be formed and the animals die in a short time. 

My experience has shown me, and is confirmed by the experiments of 
D. D. Whitney, that the vast majority of Rotifers die immediately on 
being dried and do not revive after complete desiccation, but their eggs, 
and in particular their resting eggs, with more resisting shell, can stand 
a prolonged state of desiccation and also freezing, and can therefore readily 
be transported by the wind or by aquatic birds and other animals, and will 
hatch when deposited in suitable pools of water. 

In my opinion it is by this means that the cosmopolitan distribution 
of the Rotifera over the world has in the course of time been brought about. 


Resolutions. 


(i) The Zoological Section of the British Association wish to record their 
sense of the danger caused by the approach of the Norwegian rat, which 
threatens the wheat industry of Western Canada, and to urge the Govern- 
ments concerned to take immediate steps to organise the extermination of 
this dangerous pest. 

(ii) In view of the enormous importance of the Fisheries of Canada in 
connection with her prosperity and her rapidly developing position as the 
great resource of the food supply of the Empire, and appreciating the 
danger of exhaustion which menaces certain of the Fisheries, the members 
of the Zoological Section of the British Association for the Advancement of 
Science now meeting in Winnipeg, desire to congratulate both the Dominion 
and Provincial Governments upon the work already accomplished in con-, 
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nection with the study of the food fishes, upon the establishment of a 
Marine Biological Station on both the Atlantic and Pacific coasts, and 
upon the co-operation with the Government of the United States in an 
international Commission, from whose labours much may be expected. At 
the same time, the members of the section are of the opinion that further 
and more extensive efforts in all these directions are urgently needed if 
certain of the fisheries, notably that of the Pacific salmon, are to be main- 
tained, even at their present condition of productiveness. For the framing 
of satisfactory and effective regulations for the utilisation and conservation 
of the food fishes, a complete knowledge of their life-history is absolutely 
necessary, and the section desire to impress on the Governments concerned 
the immediate need for an extensive prosecution of investigations along 
this line, for greater facilities for the scientific study of the fisheries, espe- 
cially those of the Pacific coasts, and for a continued co-operation of the 
Dominion Government with the Governments of the Provinces and also 
those of the United States in all efforts looking towards the conservation 
of the fisheries, one of the most valuable natural resources of Canada. 


2. Autonomy in the Crustacea. By Dr. J. Prarson. 


38. On the Distribution of Fresh-water Eels. By Dr. Scumipt. 


Leaving aside the interesting question how far eels penetrate at different 
places into the land through the rivers, the distribution in the regions close 
to the coast has been principally considered. In working out this distribu- 
tion of the genus Anguilla, throughout the world, only that part which 
treats of the Atlantic species is so far completed. Though uni- and vari- 
coloured species are found in the Indian and Pacific regions, only two 
uni-coloured species, A. vulgaris (Tart.) and A. chrysypa (Raf.), occur in 
the Atlantic region, the former in the eastern, the latter in the western part. 

Fresh-water eels are lacking on the Pacific shores of South and of North 
America, and on the Arctic coasts. On the western Atlantic shores they 
are found from the southernmost part of Greenland, at Labrador and eastern 
Canada, along the coasts of the United States and Mexico, the West- 
Indian Archipelago and Guiana. 

They are absent from the southern coast of the Caribbean Sea and from 
the coasts of South America south of Guiana—z.e., in the large river- 
systems of Brazil and Argentina. On the east boundary of the Atlantic 
they are lacking on the north coast of Asia and Russia, but are found 
from North Cape southwards along the coasts of Europe, on all the coasts 
of the Mediterranean—the Black Sea excepted—and on the north-western 
part of the African coast. Here they disappear from the region of the 
Rio del Oro, and are absent from all the west coast of Africa—i.e., in the 
large river-systems of the Niger and the Congo. In South Africa, near 
Cape Agulhas, we again meet fresh-water eels, also on the east coast of 
Africa as far north as Somaliland (whether they are found at the coast 
of the Red Sea and South Arabia cannot be stated with certainty) ; further, 
at the south coast of Asia and on the islands in the Indian Ocean. The 
relation between the Anguilla species occurring here (among which there 
are one-coloured as well as vari-coloured), and the Atlantic A. chrysypa and 
A. vulgaris has not yet been fully ascertained. 

Besides, the two Atlantic fresh-water eels occur in the oceanic islands: 
Bermudas—Iceland, the Faroes, the Azores, Madeira, the Canaries—and, 
what deserves especially to be pointed out, they are found on islands where 
other fresh-water fishes are completely lacking: They are not to be found 
en the Cape Verde Islands, nor on any of the oceanic islands south of the 
Equator. 
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Having now stated the facts, we proceed to try an explanation of these, 
confining ourselves to the Atlantic species. It has been shown that the 
Atlantic fresh-water eels live in tropic, in warm, and in cold temperate, 
even in Arctic regions; but just on account of this astonishing power to 
submit to the most varied outer conditions their distribution appears some- 
what incomprehensible. Why do they stop suddenly southwards so that 
the greater part of South America and West Africa axe entirely destitute 
of eels in spite of the fact that some of the largest and most fish-abundant 
fresh-water systems are found here, and many places apparently would 
offer excellent conditions for their thriving? And why do they occur in the 
oceanic islands, in which fresh-water fishes otherwise are lacking ? 

Before answering these questions, and some others to be mentioned later 
on, it will be necessary to refer to some of the recent results of sea-investi- 
gations. It is now a well-ascertained fact that the sensibility of a species 
of fish to its surroundings may vary a great deal during its growth and 
at its spawning-time; during the latter its requirements as to depth, 
temperature, and salinity may be very different from those during its 
growth; therefore its distribution during spawning may often be very 
different from that during the growth; and it may be the conditions for 
spawning which are the chief factors in determining the distribution of 
the species afterwards. Investigations made since 1904 with the Danish 
investigation steamer Thor and the Irish Helga in the Atlantic west of 
Europe have shown that the European fresh-water eel propagates in the 
Atlantic far from the coasts, and that its propagation requires large depths 
(at least 1,000 metres), besides a high salinity, more than 355'20 per cent., 
and a high temperature of the water, at least 7° C., at a depth of 1,000 
metres. These facts render the distribution and migration of the eel in 
the northern part of Europe quite comprehensible. 

To apply these conditions to the whole region. On looking at a chart 
on which the temperatures at a depth of 1,000 metres are given, the distri- 
bution of the Atlantic fresh-water eels suddenly becomes quite clear. We 
see that the 6° and 5° isotherms run from the West Indies eastwards over 
to Cape Verde, so that the whole southern part of the Atlantic has a 
lower temperature at 1,000 metres depth. Off the greater part of Brazil 
the temperature is even only between 3° and 4° C., off the west coast of 
Africa a little higher, for the greater part between 4° and 5°. On the Pacific 
coast of America the temperature in deep water is also low, in no place 
reaching 7°, being in the greater part below 5°. We understand at cnce 
that the want of eels in all the large fresh-water systems of South America, 
the western North America, and West Africa is due to the fact that the 
temperature of the adjacent seas is too low to permit of the propagation. 
Therefore no immigration of young eels to these regions is possible. We 
may say, although it sounds almost paradoxical, that it is the cold which 
prevents these regions, which contain some of the warmest countries upon 
earth, from being inhabited by fresh-water eels. 

On the East of Africa, in the Indian Ocean, as well as on the South of 
Asia, we meet with a higher temperature. And here again fresh-water eels 
are found, though not the same species as in the Atlantic region. 

Taking for granted that the eels propagate out in the sea, we under- 
stand why they may be present in oceanic islands, where no other fresh- 
water fishes are living, and looking at the temperature curves we under- 
stand why only the oceanic islands lying north of the Cape Verde Islands 
are inhabited by eels; only these lie inside the region where the temperature 
in the depth is high. 


1 Here it may be remarked that high temperature and high salinity are always 
connected in the great depths of the oceans. Thus it is impossible to ascertain 
whether the one or the other factor, or koth combined, are determining the propaga- 
tion of the eel, i 
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Two questions to be answered are the following :—-Why are eels absent 
from the Black Sea, while they are to be found in the innermost parts of the 
Baltic ? 

And why are eels present at the northern coasts of the Mexican Gulf 
and the Caribbean Sea, but absent from, or, at all events, exceedingly scarce, 
on their southern coasts ? 

Concerning the Black Sea, it is a fact, established many years ago, that 
not only this sea, but all the rivers flowing into it, ara totally devoid of 
eels. Now, the temperature of the depth, as shown by the chart, is high, 9° 
at 1000 métres ; but other factors prevent the spawning and the immigration 
from the Mediterranean, where, as a matter of fact, eels do spawn. In 
the first line spawning must be prevented by the large quantities of 
sulphuretted hydrogen found in the deep water; and, besides, the salinity 
here, without doubt, is too low, being only 22 per cent., whereas it ought to be 
at least 35°20 per cent., judging from what is the case with the Atlantic. 
Immigration of young stages from the Mediterranean must be very difficult, 
by reason of the narrow passages leading into the Black Sea; only a small 
number might be able to pass, and spreading suddenly over a large area, 
after passing, their chances to settle on the right places may be rather 
small. 

Concerning the second question, about the Mexican Gulf and the 
Caribbean Sea, we find that in both the temperature at 1000 métres depth 
is only from 4'5° to 6°. Thus it is not probable that fresh-water eels would 
be produced here ; in fact, we have no observations pointing in that direc- 
tion ; and the relatively small amount of eels yielded by the central region 
of the United States (the Mississippi region), the apparent scarcity of this 
fish in Mexico, and the total disappearance east of Tamaulipas, seem to 
exclude the possibility of any production, at all events of any large 
production. Thus, the presence of eels at the northern boundaries is most 
likely due to immigration from a centre of production lying elsewhere. 

An endeavour has been made to determine where the Western Atlantic 
eel (A. chrysypa) is found, and also to get an idea of the frequency of its 
occurrence, of its quantity or scarcity in the different localities, also in 
regard to its penetrating up into the land. 

In the southernmost part of Greenland the eel is very scarce. Its rare 
occurrence in that locality was referred to by Fabricius (1780). For 
many years we had no confirmation of his statement, but recently my 
endeavours to get a Greenland specimen were crowned with success; one 
specimen was captured and sent to the Museum of Copenhagen; it proved to 
be the Anguilla chrysypa, the American species. In Labrador it is found, 
but, apparently, not in great numbers ; in Newfoundland it seems to com- 
monly occur, since on the west coast it is caught in traps, and exported, to 
some slight extent, from this colony. It is found in great numbers in the 
eastern parts of Canada and the United States ; it also appears in numbers 
in the northern portion of Mexico and in the West Indies. 

Regarding the occurrence in the interior of the continent, statistical 
statements about the fisheries show that the number of eels—the ‘ceel- 
density,’ so to say—decreases from the sea inland. In Canada, Ontario is 
the province farthest from the Atlantic where an eel-fishery is found. In 
the United States the eastern region, north of Florida, the rivers of which 
flow into the Atlantic, shows by far the greatest density, 98 per cent. of the 
eels caught in the United States; that of the central region, west of Florida, 
where the rivers open out into the Gulf of Mexico, being very much below, 
yielding only 2 per cent. of the whole capture. 

The western region, which is drained into the Pacific, and in the main 
is lying west of the Rocky Mountains, is totally devoid of eels. 

Very interesting are the results regarding the Great Lakes; here the eel- 
fishery of Lake Ontario far exceeds that of the other lakes. A glance at 
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the map gives us the explanation: Lake Ontario is nearest the sea from 
which the eels come, and in order to appear in the other lakes they must pass 
Niagara. The difficulties in doing that most probably are the main reasons 
for the decrease in number in the other lakes. 

Of no less interest is the statement that eels fished in Wisconsin in fresh 
water connected with the Mississippi must have penetrated more than 1000 
miles from the mouth of this river. Thus, eels can travel enormous distances 
even after they have entered the fresh water. 

We may return now to the question of the centre of production of the 
American eel. I have proved that the propagation of Anguilla vulgaris 
takes place in all the long stretch from the Ferés to the west coast of 
Morocco, and have described how the fry from the spawning places west of 
the British Isles and France, during and after metamorphosis, move east- 
wards, and how the eel-stock of all North-Eastern Europe is recruited 
from here. It is evident that the migrations of the fry, favoured by the 
direction of the current and by the extraordinarily long duration of the 
pelagic life, may be of a very surprising length, as shown by the distance 
from the interior of the Baltic, or from the northernmost Norway to the 
1000-méttre curve in the Atlantic west of Hurope. 

In the western part of the Atlantic we have to do with another but 
very closely related species, the A. chrysypa. We are not justified in 
presuming that its biological conditions are identical with those of the 
European species. But the facts at hand tend to show that they are very 
similar, and that the distribution must find a similar explanation. 

While many hundreds of the larval stages of A. vulgaris have been 
taken over this large territory, only three larvee of the American eel have 
up till now been found. One was taken at 38° 47! 20” N. lat., 72° 37/ W. 
long.; one at 38° 25/ N. lat., 72° 40’ W. long.; a third was found cast 
ashore on the Bermudas (September 1906). These three captures occurred 
just within, or near to, the region where the temperature in depths of 
1000 m. is the highest in the whole western part of the Atlantic. It is 
certainly not due to chance that the larve are found just here. Most 
probably the centre of the spawning-places must lie about 35° N. lat. and 
70° W. long. In assuming this to be the case, the distribution of the 
American eel to the West Indies, with Guiana, Mexico, and the United 
States offers no special peculiarities. More remarkable is its occurrence 
in Canada, Newfoundland, and Labrador, because the temperature in deep 
water outside the last-named countries is very low, only 2° to 3° in 
1000 m. depth. But when we remember the facts established for the 
European eel and consider the currents, we may see that there is probably 
no place in the world where such conditions exist for an effective passive 
transportation of pelagic organisms by the help of the sea-currents as 
just off the coast of the United States and northwards: that is to say, 
from the supposed centre of reproduction to off Canada and Newfoundland. 
A current chart gives here a maximum speed of no less than forty to eighty 
miles per day, while the minimum speed is from ten to fifteen miles. 
Probably, therefore, the young eels are able to go further in this direction 
than they would otherwise be able to do. If we compare the distances with 
those we know to be accomplished by European eels, they are by no means 
greater. The great abundance of eels in New Brunswick, Nova Scotia, and 
Prince Edward Island agrees well with this statement. 

We have also another method of testing the correctness of the suggested 
theory that the eel-stock of these northern lands is recruited from places 
much farther south. We may, as I have done for Kurope, examine the 
time of ascent of the ‘elvers’ in the different places in the United States, 
Canada, ete. Although the information here is far from being as complete 
as those for the European eel, it is sufficient to prove that the appearance 
of the young eels in the fresh water occurs earlier in the year farther 


TRANSACTIONS OF SBCTION D. : 515 


south: that is to say, earlier in the places adjacent to the supposed 
spawning-place. (The time of appearance extends, as in Europe, over 
a period of several months; in this region from the earliest spring to 
the autumn, but somewhat later in the year in Europe.) 

Besides, the assumed situation of the spawning-centre agrees pretty well 
with the ‘density of eels’ observed in the United States. As we have 
seen, the eastern region, north of Florida, yields about 98 per cent. of the 
whole eel-production of the States. And of the eastern region, again, the 
part between Cape Hatteras and Cape Cod—a distance of only about 
450 miles—-yields by far the greatest portion. This part is situated only a 
little more to the north than the region where the warmest water is to 
be found in the depth. 

It is well known that the transplantation of several fresh-water fishes 
to foreign countries, where they formerly were not found, has often been 
attended with great success. American trout are transplanted to Europe, 
the salmon to Australia, ete. Also eels, and young eels, have long ago 
been transplanted successfully, and recently experiments in transferring 
yeung eels from the Bristol Channel to the Baltic have proved that these 
transplantations could be done on a much larger scale if the knowledge of 
the biological conditions of this fish be rightly used. 

In the case of eels, we must be clear as to whether we intend the trans- 
planted specimens to breed or only to grow in size. If we were to trans- 
plant young eels into the large rivers of South America or Western 
Africa, hoping that the eel would establish itself and multiply, we should 
certainly be disappointed. The utmost we might attain would be that 
these rivers proved to be suitable nurseries for the transplanted individuals. 
Transplanting experiments made in the United States on the Pacific Coast 
have been closely studied. Quite a number of transplanted fishes have 
become established, and by their fertility so numerous as to be of great 
importance for the fisheries—e.g., the shad (Clupea sapidissima), striped 
bass (Roccus lineatus), various carps (Cyprinus carpio and varieties), 
various species of salmon, cat-fish (Ameiurus sp.), etc. But the introduction 
of the eel proved to be a failure. In the first years after the introduction, 
a few eels were taken now and then; some of them seemed to have grown 
very quickly, perhaps owing to the favourable localities chosen for the 
experiments. But after the course of a few years the end came, without any 
fry appearing to replace and increase the stock set out. 

It may now he said beforehand that any repetition of these experiments 
will end in the same way, since whatever care is taken to procure the 
transplanted eels as favourable conditions as possible for their life and 
growth, no human power can obtain for them the conditions outside in the 
sea which they require for reproduction. 

It is quite another matter naturally, to consider it advantageous to plant 
out in the Western States a number of eel fry, with a view to later ‘ gather- 
ing in’ the same individuals when they are grown up, as is done at several 
places in Europe where the eel-fisheries are technically highly developed, or 
where the price for cels, sold in the living condition, is very high. 


4. On the Parallelism between the Nymphaline Genera Adelpha and 
Chlorippe. By F. A. Drxny, M.A., M.D. 


The two Central and South American genera, Adelpha and Chlorippe, 
present in many of their species a curious parallelism, several forms of the 
one genus bearing a striking resemblance to corresponding forms of the other. 
This is analogous with other instances, as of the Pierine genera Mylothris 
and Phrissura in Africa, where even the local races of the species of the one 
genus are closely followed in appearance by those of the other. , 
LL 
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What is the explanation of these phenomena? The resemblances can 
scarcely be fortuitous, inasmuch as they are not confined to one or two 
species, but run through a long series of forms in each genus. Probability 
is much against a merely accidental resemblance under such circumstances 
as these. Nor is the suggestion of a common influence of geographical 
surroundings adequate, for the resemblances only apply to obvious features, 
not to points of minute structure. Again, specimens of both genera, widely 
differing in appearance, may be found living under the same geographical 
conditions. The resemblances can scarcely be, to use Professor Poulton’s 
term, ‘syncryptic’ ; for the upper surfaces of the wings, where the likeness 
is chiefly exhibited, are remarkably conspicuous. A certain amount of 
community in pattern may be due to affinity, but this will not explain the 
close correspondence between some species of the two genera, together with 
the wide divergence between others. 

The only feasible explanation seems to be mimicry. This is supported by 
various considerations, especially by the local coincidence of the mutually 
assimilated forms. The mimicry may perhaps be Batesian, Adelpha supply- 
ing the models and Chlorippe the mimics ; on the other hand, at least one 
species of the latter genus is known to be common, and therefore unlikely to 
be a mimic in the usually received sense. On the whole there is some reason 
to think that this is a case of the mutual approach of inedible forms, a 
conclusion, however, that needs to be tested by experiment and observation 
in the field. 


5. Histiology of the Eye of Pecten. By W. J. Daxtn. 


6. Coral Reefs. By J. Stanuey Garpiner, F.EF.S. 
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Section E.--GEOGRAPHY. 


PRESIDENT OF THE SecTion.—Colonel Sir Duncan JonNnston, 
K€.M.G., C.B., R.H., E.R:G:S. 


THURSDAY, AUGUST 26, 


The President delivered the following Address :— 


Ir has been usual for Presidents of this Section to make some allusion 
in their addresses to the principal matters of geographical interest which 
have occurred during the preceding year, and I propose to follow this 
custom before proceeding with the rest of my address, which would hardly 
be complete without some allusion to the great geographical achievements 
of the past year. 

I doubt if there has ever been a year in which more important additions 
to geographical knowledge have been made than those resulting from the 
journeys of Dr. Sven Hedin, Dr. Stein, and Lieut. Shackleton. 

Dr. Sven Hedin’s previous explorations had deservedly gained him 
such a high reputation as an explorer that it seemed almost impossible 
for him to increase it, yet his recent expedition in Tibet, extending over 
two years, has enhanced his already great reputation. 

Refused permission to enter Tibet from India, he was not to be deterred. 
Travelling round to Leh and making that place his starting-point, he entered 
Tibet and traversed in various directions a considerable tract, previously 
unexplored, of that country, making a good reconnaissance survey of the 
country he passed through. ‘ 

A large part of his journey was through a bleak and inhospitable 
region, where he encountered intense cold and yery great privations. At 
one time he went for eighty-three days without meeting a living soul, and 
the cold and hardships were such that out of ninety-seven ponies and 
mules with which he started only six came through. Yet in the following 
year, in the depth of winter, Dr. Sven Hedin again traversed this terrible 
country. In doing so he ran imminent risk of starvation, as his last 
sheep was killed a considerable time before he got through to country 
where he could obtain fresh supplies. 

Dr. Sven Hedin’s tact and resource were as great as his fortitude and 
courage. He made friends wherever he went, and, although the Tibetan 
Government sent orders over and over again that he should be turned 
back, he succeeded in spending two years in exploring the country, main- 
taining the most friendly relations with the Government officials and 
others whom he met. Besides exploring and surveying a large tract of 
previously unexplored country, he investigated the sources of the Brahma- 
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putra, the Indus, and the Sutlej, and in the course of his journeys he 
accumulated a mass of geographical and other scientific information. 

Next comes Dr. Stein’s expedition to Chinese Turkestan, by which he 
has made a most noteworthy contribution to geographical knowledge and 
antiquarian research. 

Dr. Stein, accompanied by that capable surveyor Rai Ram Singh, who 
was later on relieved by that equally skilful and energetic surveyor Rai Sahib 
Lal Singh, travelled from India via Chitral and Kashgar. He commenced 
survey work in the eastern part of the Mustagh-ata range, and carried it 
along the Kun Lun Mountains, skirting the southern side of the Takla 
Makan Desert and the Lob Nor Desert to Suchou and Kan-chou. He 
surveyed a large area of the mountainous region lying westward of Kan- 
chou, then crossing the desert from Anshi to Hami he returned north of 
the Tarim River, skirting the southern slopes of the Tian Shan range, to 
Kashgar. During this very long journey Dr. Stein came across the 
ancient frontier wall, built about the second century z.c. He traced it 
west of Suchou, till lost in the desert, for some 250 miles, and he made 
various incursions into and across the desert, making discoveries of the 
greatest antiquarian interest. 

After his return to Kashgar he surveyed the last unexplored portion of 
the Kun Lun mountains and the country containing the sources of the 
Khotan or Yurungkash River, which proved to be flanked on the south 
by a magnificent range of snowy peaks rising to over 23,000 feet; thence 
passing the sources of the Keriya River he skirted the southern slopes of 
this snowy range and finished by connecting this survey with that to 
the north of this range. The privations and hardships undergone by 
Dr. Stein and his party were very great, and, just as he completed his 
last bit of survey, he was unfortunate enough to get his foot badly frost- 
bitten, and had to hasten to more civilised parts for medical treatment. 

Dr. Stein, during his expedition, displayed all the best qualities of an 
explorer—enthusiasm, determination, skill, and tact. The modest account 
he has so far given us of his travels, which gives a mere outline of his 
work, shows that the geographical as well as the archeological results of 
his expedition are of the greatest value. 

The last completed exploration I propose to mention is Lieut. Shackle- 
ton’s great journey in the Antarctic Circle, which has raised him to a high 
position among the gallant explorers of the Polar regions. 

Lieut. Shackleton personally arranged and supervised all arrange- 
ments for the expedition, his experience in the British Antarctic expe- 
dition under Capt. Scott standing him in good stead. 

Having landed in McMurdo Sound, a party consisting of Lieut. 
Adams, Prof. David, and others ascended Mount Erebus, which is over 
13,000 feet high, all above snow level. 

Later on Lieut. Shackleton and a sledge-party set off southward, and 
after an arduous journey succeeded in reaching 88° 33’ south latitude, 
over six degrees nearer the Pole than any previous explorer. His party 
travelled altogether about 1700 miles, including relays, in 126 days, a 
splendid performance in a rough and difficult country under very trying 
climatic conditions. Soon after passing 83° 33/ south latitude they lost 
their last pony, and from this point they had to drag their sledges 
themselves, although their journey involved the ascent of a plateau 10,000 
feet high. They only turned back when their diminishing stock of pro- 
visions rendered it imperatively necessary to do so. They were for a 
considerable time on short rations, and found several times that they had 
expended their food supplies before reaching their next depét. Had they 
missed one of these depdts—no unlikely contingency in such a country— 
they must have perished by starvation. Altogether the sledge journey was 
a great feat of pluck and endurance. 
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Lastly, Lieut. Shackleton’s colleague, Prof. David, with others, made a 
sledge journey to the north-west, reaching the South Magnetic Pole. A 
good deal of triangulation was carried out, many geological specimens were 
collected, and much scientific information was obtained. 

Whether we consider Lieut. Shackleton’s skill and energy in organising 
the expedition, the courage and determination displayed in carrying it 
out, or the results obtained, his expedition will stand out as one of the 
greatest of the many great efforts to reach the Poles, and as a British 
expedition it is one that specially appeals to us. 

At first sight it would seem that these great journeys belie the opinion 
so often expressed of late years that the days of the explorer are numbered, 
and that in future geographers will have to deal with surveys rather than 
exploration; but, in fact, these splendid achievements only strengthen 
this opinion. These explorers have considerably reduced the comparatively 
small area still unexplored, and other expeditions are helping to diminish 
the unexplored area. 

Among those which are in progress I may mention the following :— 
Col. Kozlof’s expedition to Mongolia, which has already visited Kuku 
Nor and which is exploring the upper course of the Huang Ho and other 
parts of Mongolia. Lieut. Boyd Alexander is exploring in West Africa. 
The Duke of the Abruzzi is investigating part of the mountainous region 
across our Indian frontier; Dr. Longstaff is exploring another part of 
that mountain system; Capt. R. E. Peary, U.S.A., and Capt. E. Mikkel- 
sen are leading expeditions in different parts of the Arctic regions, and 
M. Charcot is exploring in the Antarctic Circle. Lastly, an important 
British expedition will start before long to explore part of the Island of 
New Guinea, one of the largest still unexplored land areas. There are 
other expeditions, either in progress or projected, too numerous to 
mention. 

The best modern explorers are not now content with exploration or 
even with a rough route traverse and an occasional observation for lati- 
tude; they either themselves make careful reconnaissance surveys of the 
country adjoining their route or they are accompanied by trained surveyors, 
who make such surveys. 

Again, every year the area surveyed on correct scientific principles is 
extended. The interesting address of my predecessor, Major Hills, will 
have told you what is being done in this way in the British Crown 
colonies. In the British self-governing colonies and in the colonies and 
dependencies of other Powers the area of regular survey is being con- 
tinually extended, and in more remote regions surveys are being carried 
out by Boundary Commissions or for railways or other purposes. Along 
with the increasing appreciation of the value of geography which has 
taken place of late years, there has been an increasing recognition of the 
need for regular surveys, and it is probable that the next generation will 
find that not only is no-considerable area of the earth’s surface unex- 
plored, but that the area not yet surveyed at least geographically, or for 
which a regular survey has not been projected, is getting limited. 

I propose in the rest of my address to deal with the regular survey 
and mapping of new areas, and to discuss various questions connected 
therewith; if I am right in believing that large areas will be regularly 
surveyed in the near future, such questions merit careful consideration. 
T shall state on these points the practice of some of the great national 
surveys, because their experience seems the best guide for future work ; 
but I recognise that methods suitable for rich and populous countries, 
such as Germany, France, or Great Britain, may he too costly for many 
countries and provinces whose survey has still to be made, and mention 
will be made of less expensiye methods which are likely to be much in 
demand in future, 
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It would be difficult to say anything new on the subject I propose to 
deal with, and I lay no claim to do so, still less do I wish to dogmatise 
as to the best methods. When I express opinions I shall also state the 
practice of some of the principal surveys of the world, and my hearers 
having weighed the matter can accept my opinions or not according to 
their judgment. In either case my object will have been attained if 
careful consideration is given to the points raised. 

Maps may be roughly divided into three classes :— 


(1) Geographical maps—i.e., those on very small scales. 

(2) Topographical maps. The dividing line between these and geo- 
graphical maps is not very clearly defined. For the purpose of this address 
maps between the scales of four miles to the inch and 3;4,, scale will be 
considered as topographical. 

(3) Cadastral maps—.e., maps on large scales mainly for property pur- 

oses. 

As the time at my disposal will not admit of my discussing all three 
classes of maps, and as I have on a previous occasion read a paper to this 
Association on ‘ Cadastral Surveying,’ I propose to limit my remarks to 
topographical surveys and maps, 


In most of the older countries topographical surveys have originally 
been made to meet military needs, and as a rule they are carried out under 
military supervision. In order that they may be useful in case of war 
such surveys must have been made before war breaks out. The use, however, 
of topographical maps is not limited to military purposes; on the contrary, 
they have invariably proved of great value for civil requirements. In one 
respect they are more useful for civil than for military purposes, as a state 
of war occurs rarely, and hence while the maps are only occasionally used 
in connection with war, they are constantly used in connection with civil 
administration and with public and private business of all kinds. The topo- 
graphical maps of the Ordnance Survey, prepared originally solely for mili- 
tary requirements, have proved extremely useful for civil purposes. Directly 
or indirectly all the numerous maps prepared by the trade in Great Britain 
for civil use are based on them. I believe the experience of all other coun- 
tries is similar to that of the Ordnance Survey. In most countries in which 
land is of any value, a cadastral survey for land transfer purposes is needed, 
as well as a topographical survey. In some cases indeed, the need for a pro- 
perty survey has first made itself felt ; thus in the Transvaal and in the Cape 
Colony, neither of which yet has a topographical survey, there has for many 
years been a Government Survey Department for making property surveys. 
The question arises whether there should be two separate surveys, one for 
topographical and one for cadastral maps, or whether there should be only 
one survey, the topographical maps being prepared by reducing the cadastral 
survey. Incidentally the further question arises whether, if two separate 
surveys are made, they should be under one head. 

In most countries—the Ordnance Survey of the United Kingdom being 
an exception—not only are entirely separate surveys made for these two 
classes of maps, but these surveys are generally under different departments. 
In some cases the cadastral surveys are isolated farm surveys, showing little 
detail except property boundaries. Such surveys would, of course, not 
answer as a basis for topographical maps. In other cases, however, the 
cadastral surveys show all necessary detail except ground forms, which can 
be added by a separate survey. The only cadastral survey, so far as I know, 
which shows ground forms is the Ordnance Survey, whose 6-inch maps are 
contoured. 

A difficulty in the way of utilising the cadastral survey for the 
smaller scale maps arises from the fact that a cadastral survey is, from its 
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large size, much slower than a topographical survey. It is often found 
advisable to take up the survey of the former somewhat irregularly, while 
it is important for the proper progress of the latter that it should be taken 
up regularly and methodically. The Ordnance Survey 1-inch map has, since 
1824, not had a separate survey of its own, but has been based on the 
cadastral survey. Ordnance Survey experience has shown that the delays 
in completing the topographical map, due to this course, have been much 
greater than one would have expected, and that there are grave dis- 
advantages in having the scale of survey very much larger than that of 
the finished map. These objections do not apply, or can be overcome, if 
the cadastral survey of any locality is completed before the topographical 
map is taken up. This is a condition not likely to be often fulfilled in 
the case of future topographical surveys. I advocate therefore that, follow- 
ing the general practice, there should be entirely separate topographical and 
- cadastral surveys. I should advocate this even where it is essential to 
keep the expense as low as possible. More economy would probably result 
from the adoption of a fairly small scale for the topographical map, from 
curtailing the small detail to be shown on it, and from showing on the 
cadastral maps only such detail as is needed for property purposes, than 
would result from making one survey do for both classes of maps. 

On the other hand I consider that, even when separate surveys are made 
for the two classes of maps, it is advantageous that both should be made 
under the same head. The more usual course is, however, to have the two 
surveys independent, and in some cases local circumstances may make the 
course I advocate inadvisable. 


Triangulation. 


The first preliminary to any survey should be a triangulation. It is the 
most satisfactory course, and the best economy in the long run, to carry 
out with the greatest accuracy possible the primary triangulation on which 
the survey is to be based. Such a triangulation will remain good for a 
very long period. For example, the primary triangulation of the Ordnance 
Survey was commenced in 1791; while some doubts have been expressed 
whether it is accurate enough to combine with other more recent work for 
the purpose of investigating the figure of the earth, no one has questioned 
that even the earliest part of this triangulation is amply accurate enough 
for map-making purposes. 

On the other hand I do not advocate carrying out a primary triangula- 
tion until arrangements have been made for basing a survey on it. In 
South Africa an excellent and very accurate primary triangulation has been 
carried out. This triangulation was undertaken largely no doubt for scientific 
purposes. While answering its purpose in that respect it has so far had 
no surveys of any great extent based on it. An accurate triangulation is 
now a much quicker and less expensive operation than it used to be. The 
introduction of Invar tapes and wires has largely expedited and simplified 
the accurate measurement of base lines, while the improvements effected in 
theodolites enable equal or greater accuracy to be obtained with the com- 
paratively small and handy instruments now made than could be got for- 
merly with large and cumbrous instruments, such as the 36-inch theodolites, 
with which most of the primary triangulation of Great Britain and Ireland 
was carried out. Unless observations are rendered difficult by numerous 
buildings, by trees or by a hazy or smoky atmosphere, a good primary 
triangulation should not now be very expensive. It is usual to base on 
the primary triangulation a minor triangulation of several orders, the object 
being to have an accurate framework of trigonometrical points on which 
to base the survey. If it is important to keep the expense low, the trigono- 
metrical points may be rather far apart, intermediate points being fixed by 
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plane table; but it should be remembered that it is the truest economy to 
make the best triangulation which funds admit of. In forests or in wooded 
and rather flat country, where triangulation would be very expensive, lines 
of traverse made with every possible accuracy, and starting and closing on 
trigonometrical points, may be used instead of minor triangulation. 


Detail Survey. 


Provided the detail survey is based on triangulation, it may be made 
by any recognised method. Plane tabling is now almost universally resorted 
to, and is probably as cheap and convenient as any other method. The 
vertical heights of the trigonometrical points will have been fixed by vertical 
angles with reference to some datum. The height of intermediate points can 
be fixed by clinometer lines, especially down spurs and valleys, and even by 
aneroid, and from these heights the contour lines can be sketched in. 
Altitudes can be more accurately fixed by spirit-levelling, but this is an 
expensive method not likely to be much used in the case of topographical 
surveys. It is possible that in exceptional cases photographic surveying 
may be resorted to with advantage, and undoubtedly photographic methods 
sometimes enable work to be done which would not otherwise be feasible. 
The photographic method suggested by Captain F. V. Thompson, R.E., is 
an advance on previous methods. In Canada, I understand that a good 
deal of photographic surveying has been done, and presumably the condi- 
tions in Canada have heen found suitable for this method. It has been 
little used elsewhere. 

Scale of Map. 


The next point for consideration is the scale on which the map is to be 
published, and itis animportant one. Speaking generally, the cost increases 
with the scale, and cost is therefore one of the main determining considera- 
tions. The physical and artificial character of the country, the amount of 
detail it may be decided to show on the map, the method adopted for repre- 
senting hills and other detail, and the method of reproduction to be used, 
all affect the question. 

Clearness and legibility are among the first essentials of a good map, 
and it is desirable that the scale should be such that all detail it may 
be decided to show on the map can be inserted without overcrowding, or 
conversely, if the scale is fixed, the amount of detail and method of showing 
it should be such as to avoid the common fault of overcrowding the map. 

In populous countries, such as Belgium, France, and Germany, where ~ 
buildings, roads, railways, &c., are numerous, a larger scale is, ceteris 
paribus, desirable, than in less populous countries. 

All important detail such as roads, railways, canals, forests, woods, etc., 
should appear on the map, as should the more important names, but it 
is a matter for consideration how far minor detail such as orchards, marshes, 
rough pasture, state of cultivation, &c., should be inserted on the map, 
and to what extent the less important names should be omitted. 

In hilly country hachures and contours, especially if in black, tend to 
obscure the detail and names, and the smaller the scale the greater this 
tendency. 

Methods of reproduction will be dealt with later, but I may here say 
that more detail and names can be shown clearly on a given scale if the map 
is engraved on copper than if reproduced in any other way. The scales 
adopted by different countries vary very much—I give below the scales 
adopted by some of the principal surveys. 


nreos scale—Switzerland (the more populous parts), Prussia, Baden, 
Saxony, Bavaria, and Wirtemberg (these German maps, although called 
maps of position, are practically topographical), 

Z0007 scale—Belgium and Denmark, 
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sobov scale—France (the new topographical map), Algeria, Tunis, 
Holland, Japan, Spain, Switzerland (the less populous parts). 

sztuy scale—the United States (the more populous parts). 

sakea scale (1 inch to a mile)—Great Britain and Iveland, and 
Canada. 

qshos Scale—the Austrian Empire. 

sotey scale—the old staff map of France. 

qodsos Scale—the German Empire, Italy, Norway, Portugal, Sweden, 
and Switzerland (Dufour atlas). 

rzPoxs scale—the United States (the less populous parts). 

zzeo07 Scale—Russia. 

ssdss0 scale—the United States (barren districts). 


The introduction of cycles, motors, and other rapid means of locomo- 
tion has led to a demand for a scale which will show a considerable tract 
of country on a sheet of moderate size. If the standard map is already on 
rather a large scale, this demand is best met by publishing a reduction of 
the standard map. This course is followed by Great Britain and Ireland 
and by Canada, whose l-inch map is reduced to and published on the 
4-inch scale; but if only one scale is used a compromise must be arrived at 
which will meet the reasonable requirements of rapid locomotion, as well 
as the other essentials of a topographical map. 

If I may venture an opinion in a matter in which practice varies so 
much, it is that for countries using British measures in which, owing to 
dense population, the detail is close the 1-inch scale (;54,,) is a very good 
one, and that for more open parts the 4-inch scale may with advantage be 
adopted. For countries using metrical measures I should advocate sz455 
and ;st5a0 Tespectively. These scales do not differ largely from those 
adopted by most of the principal countries, the majority of whom use scales 
between s5455 and yosua for fairly close countries 

Where it is important to keep the cost down I should advocate a half- 
inch to the mile or a 32555 scale. All except the most closely populated 
country can be shown clearly on such scales provided the maps do not show 
too many names or too much small detail. ; 

The United States have scales of gstos) caecum aNd ssqeaz, the 
general closeness of detail in any area determining which of these three 
scales is adopted. This arrangement is a good one, and would be still 
better if the areas published on the ;3455 scale were also reduced to and 
published on the ;yx455 scale, and if the whole country were published on 
the ssd555 scale. The principle here advocated of having each scale as far 
as possible complete for the whole country has been carried out by Great 
Britain, where the whole country, except some uncultivated areas, is pub- 
lished on the 25-inch (3:4,) scale, and the whole country on the 6-inch, 
the 1-inch, the $-inch, the {-inch, and other smaller scales. 


Scale of Field Survey. 


It is usual to make the field survey for small scale maps on a larger 
scale than that on which the map is to be published with a view to securing 
greater accuracy of detail, but this should not be overdone. If the field - 
survey is on too large a scale it entails needless expense, also when the 
surveyor is working on too large a scale he is apt not to realise the effect 
of reduction on his survey, and is likely to survey so much detail as to 
overcrowd the map, thus increasing the cost of the work and injuring the 
map. 

When the map is reproduced by photographic methods the fair drawing 
is usually on a larger scale than the finished map, So as to get finer results on 
reduction ; but in this case also, for somewhat similar reasons to those stated 
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above, there are limits to the amount of reduction which can be made 
with advantage. 

In these respects the practice of different countries varies considerably. 

In Austria the field survey is on the 3,35, scale; this is reduced to and 
drawn on the gst 5, scale, and this drawing is reproduced by heliogravure 
on the xsty7 scale. 

In France the field survey is on the zz4y5 OF syhuy scale. The 
survey is reduced to and drawn on the z54yy scale. In Algeria and Tunis, 
both field survey and drawing are on the zy4 5, scale. In all cases the 
French maps are now reproduced by heliogravure on the ;y5459 scale from 
the z,5455 scale drawings. 

In Germany the field survey is on the 351,35 scale. This is reduced 
to the z5s/509, On which scale the maps are engraved on copper. 

In Great Britain the 1-inch map is based on the 25-inch and 6-inch 
survey. These were reduced, and a fair drawing was made on the 2-inch 
scale in a manner suitable for reduction to the 1-inch scale—i.e., the detail, 
lettering, etc., were drawn so that when reduced to the 1-inch scale they 
should be in proper proportion. This drawing was reduced and printed by 
heliozincography on the 1-inch scale, and from these prints was engraved 
on copper. 

In America the field surveys are on the scales of gg455; 95450) And tyso00 
for the 53355, the qgs455, and the 35745, scale maps respectively. The 
drawings, on the same scale as the field survey, are reduced by photography 
and engraved on copper. 

I consider that the best results are obtained when the field survey is 
made on double the scale of the finished map; that if reproduction is to be 
by engraving, the fair drawing should be on the same scale as the finished 
map; that if, on the other hand, reproduction is to be by photographic 
methods, the fair drawing should be on the same scale as the survey, 
2.e., double that of the finished map. The reduction I advocate should 
conduce to accuracy of detail and, if reproduced photographically, to fine- 
ness of detail, while it is not so great that the surveyor and draughtsman 
should be unable to realise the effect of reduction. 


Detail. 


The need of considering the amount of detail, &c., to be shown is not 
always sufficiently realised. The way in.which detail is to be represented 
also needs consideration, as on small scale maps much detail has to be 
represented conventionally, 

Railways have to be shown conventionally, and should be so marked 
that they catch the eye without being too heavy. 

Roads also should be clearly marked. Where different classes of roads . 
exist they should be distinctively shown, main roads being more prominent 
than others. It is important to know what roads are fit for fast wheeled 
traffic in all weathers, and which are fit only for slow traffic. The exact 
classification of roads must depend on the conditions obtaining in the 
country. The most elaborate classification is that shown on the French 
maps, and next that shown on the maps of Great Britain. Provided that 
important distinctions are represented, the simpler the classification the 
better. 

Forests, woods, marshes, and in some cases pasture, rough pasture, 
orchards, vineyards, gardens, etc., are shown by conventional signs. While 
forests, woods, and marshes should certainly be distinguished on the maps, 
I incline to the opinion that the state of cultivation is better omitted, and 
that the less small detail shown the better. Such small detail increases 
the cost and often overcrowds the map. The German zy 4557 scale shows 
much small detail, and although the maps are beautifully and delicately 
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engraved on copper, the detail is rather crowded on some sheets. The 
French Carte Vicinale is, in my opinion, rather crowded with names. 
The most difficult question, and that on which opinions differ most, is 
-the method of representing ground forms. Methods which answer well on 
steep ground are less satisfactory on gentle slopes, and vice versd, and each 
method is open to some objection. 

Ground forms may be indicated by contours, hill shading in stipple, 
vertical hachures, horizontal hachures, the layer system, or by a combination 
of some of these. 

Ground forms are represented by contours on the z545,-scale maps of 
the German States, the Swiss Siegfried Atlas, the maps of the United 
States, the l-inch map of Canada, the zy4,5,5-scale map of Denmark, and 
the maps of Japan. Where the slopes are steep the contours give almost 
the effect of hill-shading. Some of these maps give a very good representa- 
tion of the ground, the best being those in which the contours are in colour. 

Hill features are shown by stipple shading on the French Carte Vicinale 
and the Ordnance Survey four-mile map. In mountainous country stipple 
shading gives a good pictorial representation of the ground, but it fails 
in flatter country, and it is often difficult to tell from it which way slopes 
run. 

The Swiss Dufour Atlas (;5,/555 scale) is a good example of vertical 
hachuring, as are some of the German ;y,/555-Scale maps. Vertical hachures 
are also used on the Austrian and Swedish maps, and in conjunction with 
contours on the maps of several other countries. 

Vertical hachures when well executed give an artistic and graphic repre- 
sentation of the hills. In the Swiss and British maps the pictorial effect 
is enhanced by assuming a light from the left-hand top corner. In steep 
ground, especially when the hachures are in black, these are apt to obscure 
detail and names. I think hachures are better when printed in colour, 
but many will disagree with me on this point. 

Horizontal hachuring, while having some advantages, is less effective 
and is little used. 

The system generally known as the layer system has been used in Great 
Britain by the well-known Scotch firm of J. Bartholomew & Co., has 
recently been adopted by the Ordnance Survey for its 4-inch maps, and is 
used in the }-inch maps of Canada. It consists in indicating by various 
shades of colour the area lying between certain contours; thus one shade 
may be given to all ground below the 50-foot contour, another shade to 
ground between the 50 and 100 foot contour, and so on. This system gives 
a general indication of ground form and enables the contour lines to be 
followed more easily. Its shades of colour enable the eye to pick out more 
easily all land lying at about the same level. It is most effective in ground 
with a small range of vertical height, as the vertical depth of layers can 
then be small and the distinction in colour between successive layers marked. 
In hilly ground the depth of-the layer must be increased, which means that 
many ground features are ignored on the map, or the number of layers on 
the map must be large, in which case the distinction in shade between 
successive layers will be less marked. This method is popular in Great 
Britain, and enables those who are not versed in reading contours and 
hachures to realise something of the nature of the ground forms. 

A combination of these methods has been used as follows :— 

France on her 5;},7-scale maps shows ground forms by contour lines 
and stipple shading. This gives a very fair representation of the ground, 
but where the contours are very close together the effect of the coloured 
contours on the stipple is not pleasant. Nor does the stipple always look 
well when it falls on colour. 

The German coloured z57555-scale map, the Italian yss555, and the 

British 1-inch show both contours and vertical hachures, 
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The Norwegian zypyy-scale map shows the features by contours, vertical 
hachures and shading. 

The new British 4-inch scale map has both contours, layers and stipple 
shading. 

Opinions differ so much on this subject, and there is so much to be said 
for and against each method, that I will confine myself to the opinion that 
contours reasonably close together should form the principal feature of any 
method of representing ground forms; that contours by themselves give a 
very fair representation of the ground; that vertical hachures, if printed 
so as not to obscure the detail and names, or stipple shading when there is 
not too much colour on the maps, increase the pictorial effect and are useful 
additions to contours ; that ground forms should preferably be in colour, and 
that where hachures or stipple are used as well as contours both should be 
in the same colour. 

The German coloured ;5,575-Scale map (brown hachures and contours), 
the British 1-inch scale copper-plate printed map (brown hachures and 
black contours), the British 1-inch coloured map (brown hachures and red 
contours), and the French ;,4,,-scale (grey stipple and brown contours), 
all give a good representation of the ground, and there are other maps which 
might be named almost, if not quite, as good. 


Vertical Interval of Contours. 


The vertical interval between contours should depend partly on the 
scale, partly on the steepness of the ground. Practice varies considerably 
in this matter. 

The ;5t59-scale maps of Switzerland and of Germany, except Prussia, 
are contoured at 10-métre intervals. 

The =5do0-Scale maps of France are contoured at 10-métre intervals. 

The sston-Scale maps of Japan and Spain are contoured at 20-métre 
intervals. 

On the Swiss ;5455 scale contours are 30 métres apart, 

On the United States 53455 scale the contour interval varies from 20 to 
100 feet. 

On the British 1-inch map there are contours at 50 feet, at every 100 feet 
up to 1000 feet, and thence at 250 feet intervals. 

On the Canadian 1-inch and }-inch maps the contour interval is only 
25 feet, but the sheets published have been fn ground with only moderate 
elevations. 

On the German ;5,/555-foot the contour interval is 50 métres. 

I consider that if the contours are printed in colour the vertical interval 
may with advantage be such that on steep ground the contours are reason- 
ably close together, every fourth or fifth contour being printed heavier so 
as to be more easily followed. If the contours are in black they cannot with 
advantage be so close. 

It is, in my opinion, best if the contour interval is uniform all over a 
country. Failing this, it seems desirable that it should be uniform over 
considerable areas and at least throughout a sheet; but this view is not 
universally held. I do not like the varying interval adopted by the 
Ordnance Survey. The contours on the Ordnance Survey maps are sur- 
veyed with great accuracy and at great expense. For topographical maps 
much cheaper and more rapid methods will suffice. 


Cartography. 


I have, with a view to clearness, kept the question of the method of repro- 
duction separate, but it has a bearing on some of the points already con- 
sidered. Thus the fine engraving of the German z5,455-scale map enables 
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vould not have been clearly shown if any other method of reproduction had 
been used. 

The older maps were generally engtaved on copper, or sometimes on 
stone, and printed in black and white. Subsequently photographic methods, 
such as the photogravure of the Austrian and the more recent sysoa scale 
French maps, were used, and colour printing is now largely resorted to. 

In some cases the colour-plates are prepared by engraving on copper, 
stone, or zinc. The maps of the United States and Switzerland are 
engraved on copper. In other cases, for instance, the 1-inch Ordnance 
Survey, colour-plates are prepared on stone by transfers and offsets from 
the engraved copper plate. In other cases—e.g., the sy¢an-Scale map of 
France—the colour-plates are prepared by photographic methods. 

For clearness, delicacy of outline, and artistic effect nothing equals 
engraving on copper. It forms also the best basis for colour-printing. 
Unfortunately it is very slow and costly. 

Engraving on stone is quicker and less expensive than copper engraving. 
It is inferior in delicacy to the latter, but some of the best stone engraving 
is‘very good. 

Photographic methods are the most rapid and the cheapest, and with 
care give very fair results. As good examples I may quote the zs4z5y-scale 
maps of Austria, prepared by heliogravure, and the 6-inch maps of the 
Ordnance Survey, prepared by heliozincography, both black and white maps. 

Of colour-printed maps I may instance the new soyeso scale map of 
France prepared by heliogravure, and the 3-inch Ordnance Survey map 
hitherto prepared by photo-etching, although I understand that in future 
the outline will be engraved on copper. 

When rapid reproduction and moderate cost are desired I do not 
hesitate to recommend photographic methods which, although not so good 
as engraving, give, when carefully executed, reasonably good results. 

Opinions differ as to the extent to which colour should be used, the 
modern tendency being to use it very freely. I can hardly be accused of 
prejudice against colour, as during my tenure of office at the Ordnance 
Survey colour-printing was largely developed, but I think it is often over- 
done. I consider that a moderate amount of colour is a great improvement 
toa map. Ground forms, however indicated, can, in my opinion, be better 
shown by colour than in black; it is advantageous also to distinguish water 
by colour, to give prominence to main roads by colouring them, and to 
colour woods and forests, but I do not advocate going much beyond this. 
It is difficult to choose colours which are suitable, distinctive, and har- 
monious, and the more numerous the colours used the greater the difficulty 
of doing so. 

Colour-printing introduces possible sources of error. Colour maps are 
based on a drawing on which all detail to appear on the map is shown. A 
plate is prepared for each colour on which there should be only such detail 
as shall be printed in its particular colour. In preparing this plate there 
is a risk that detail which should appear may be omitted, or that detail be 
‘inserted which should be on another plate, or that the detail may be 
slightly out of position. Again, owing to change of temperature and to 
the varying amount of moisture in the air, paper contracts or expands. 
Registration can rarely be mathematically correct, and with every care 
may sometimes be appreciably out. While with care errors such as I have 
indicated can be minimised so as not appreciably to affect the map, it is 
difficult to ensure that they should be altogther absent. 

To recapitulate my views, I advocate for a topographical map a scale 
between g5t55 and gsq'rau (4 inch to a mile), according to circumstances. 
The scale of survey to be double that of the finished map; ground forms 
to be shown by contours reasonably close together, the exact interval 
depending on the scale of the map and‘the nature of the country, also, if 
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funds ate available, by vertical hachures; both contours and hachures, if 
shown, to be in colour, the same colour being used for both. If considera- 
tions of time and cost do not admit of reproduction by engraving on 
copper, the map to be reproduced by some photographic method and printed 
in not more than five colours. I put forward these opinions rather as a 
basis for consideration than as having special weight in themselves. With 
the increasing recognition of the importance of geography an increasing 
demand for maps is sure to come, and good maps can only be satisfactorily 
designed after considering the points here discussed. 

It is not yet, I think, generally recognised that a really good topo- 
graphical map, based on triangulation, may he produced on a scale of 
about 4 inch to the mile at very moderate expense if unimportant detail is 
left out and survey and reproduction carried out as economically as possible. 
Such a survey has recently been carried out in the Orange River Colony, 
a country mainly agricultural with generally poor land. There must be 
few parts, other than barren and mountainous regions, under settled govern- 
ment where such a survey would not be of value. I believe that in future 
still further economy in surveying and mapping will be attained, and this 
will stimulate the undertaking of fresh surveys. 

Meeting, as we are privileged to do this year, in Canada, I should like 
to say a few words on the surveying and mapping of the Dominion. Until 
recently the only maps published have been on very small scales and have 
shown no ground forms. During the last few years, however, a regular 
topographical survey has been undertaken by the Militia Department. I 
am glad that for this topographical survey the scales of 1 inch and 4 inch 
to the mile, both standard scales in Great Britain and Ireland, have been 
adopted. They are, in my opinion, suitable scales for Canada, and it is 
to be hoped that for any new mapping within the British Empire these 
or similar scales may be adopted as they have been in many parts. Uni- 
formity in scales is very desirable. 

Without committing myself to praise in every respect of the maps pre- 
pared by the Militia Department, I may say that they appear to me 
excellent, well-executed maps. Not many sheets have yet been issued, and 
they are probably not yet well known even in Canada; but I have little 
doubt that when known their value will be appreciated, and that the area 
mapped will be rapidly extended. There are no doubt large areas in 
Canada for which a smaller scale than one inch will suffice, but there 
can be few, except waste and barren regions, for which maps on some scale 
will not be needed. To a country like Canada, which has made wonderful 
progress already, and which has a great future before it, adequate mapping 
must be of importance, specially so in view of the vast area of the country. 
I have misread the character of the Canadian people if they will be content 
with any except first-rate maps for the whole settled area of the Dominion. 

I should like to have said a few words on the aid which good maps give 
to geographical education, but my address is already too long. I will only 
say that while good maps and geographical education are of use to all 
countries, they are of special value to the British Empire, whose different 
parts are geographically so scattered, but which are so closely bound together 
by common ties of kinship, interest, sentiment, and loyalty. 


The following Papers were then read :— 


1. Floods in the Great Inlerior Valley of America. 
By Miss L. A. Owen. 


The conditions which produce floods, the diversified character of their 
inevitable consequences, and the possibility of future control, either with or 
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without attendant evils more disastrous than the floods themselves, afford 
one of the most complex and vital series of questions with which the American 
nation has yet been engaged. 

Although mountain snow-fall and local rains are the obvious causes of 
flood conditions, both may be excessive without producing such results. 
Observations show that many combinations of circumstances which tend to 
hasten or retard the outflow of headwaters give rise to a varied series of 
highly interesting and far-reaching effects, either involving the low-lands of 
the entire valley country between the east and west mountain ranges in a 
brief but destructive deluge, or distributing local floods over widely separated 
districts, or yet again by the slower process of run-off, showing how the 
heaviest precipitation may be carried to the Gulf of Mexico with no accusing 
record of overflow disaster. 

Consequences peculiar to the various conditions must inevitably develop in 
corresponding ratio of extent and importance, which raises the problem of 
control to a position of magnitude second to no other, and involving serious 
future dangers as well as magnificent benefits. 


2. The Nomenclature of the Islands and Lands of Arctic Canada. 
By James Wuire. 


3. The Hudson Bay Route to Europe. 
By Rosert Bet, I.8.0., M.D., F.R.S. 


The author emphasised the advantages of this route and the important 
eccnomic results which would follow its development. It was by far the 
shortest possible route from the centre of the prairie provinces, as its general 
course was that of a segment of a great circle. The proportion of land-haul 
was shorter than that of any other route. More than 1,000 miles of its water 
transportation is within the British possessions, Hudson Bay being a mare 
clausum. 

Heretofore various circumstances had tended to prejudice the public 
against this route. An effort had been made to associate the bay with the 
Arctic regions, and to make the public believe that the season for navigaticn 
was too short, and that floe ice would be a more serious obstacle than it 
really is. It is, however, true that in the days of sailing ships even small 
quantities of loose ice did sometimes interrupt their progress, but steam 
navigation has changed all that and put an entirely new aspect on the 
problem. The writer had passed through the strait nine different times, and 
did not think that the ice would seriously impede its navigation by ordinary 
steamships. It was to be regretted that so much nonsense had been talked 
and written by persons who had no independent knowledge of this subject. 

The delay in attempting to open up the route had been due to questions 
of public expedience, and not to any actual or known natural obsfacles. The 
writer had for more than thirty years advocated the opening of this route 
at the earliest possible time as being of the greatest importance to the 
development of the trade and populating of the Canadian North-West. The 
immediate increase in the value of the wheat lands alone, as soon as a 
railway is constructed to the bay, would amount to about $100,000,000. 
Live stock, dairy products, coarse grains, and several kinds of other agri- 
cultural products could then be profitably exported, and their value would 
perhaps more than equal that of the wheat. 

The building of a railway to Hudson Bay has only now become a living 
question on account of the existing railways being inadequate to transport 
all the ontgoing freight offering. As soon as a Hudson Bay railway is in 
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operation it will iiaturally bring in a large share of the imports, as well as 
of the passenger traflic. 

In former years, although the population of Manitoba and the North- 
West Territories was small, there was a constant demand for the consideration 
of the Hudson Bay route by the Canadian Government. This was appeased 
and time gained by sending out expeditions by sea in 1884-85-86 and 1897. 
The writer accompanied all of these expeditions, except one, as naturalist 
and geologist, and on two of them he also acted as medical officer. 

The expedition of 1884, by the steamship Neptune, carried out six parties. 
to occupy three stations on the north and three on the south side of Hudson 
Strait, for the purpose of making meteorological observations for one year. 
In the following year six fresh parties were sent out by the steamship Alert, 
to replace those of the previous year, who were brought home; and in 
1886 the Alert returned to the strait and brought back the second group of 
parties, together with all the station buildings except those on Big Island, 
midway up the north side of the strait. Instead of allowing each of the 
twelve officers who had been in charge of these stations to write a report on 
his observations, and to state his conclusions or opinions, only a general 
report by the commander was published for each of the two years. Neither 
of these reports showed that there was any real difficulty in navigating the 
strait or the bay. 

The mouth of the Churchill River, which is surrounded by solid rock, 
offers the best natural harbour on the west side of Hudson Bay; but, as the 
course of this river lies in a northern region, it is a clear cold-water stream, 
and freezes over earlier than the Nelson River, which is a white stream, and 
brings down to the sea the warm water of the lakes of the Manitoba basin, 
which are of more southern origin, and they retain much of their heat and 
do not freeze till December, thus giving an open season of seven months. 
Tf an artificial harbour could be constructed in the mouth of the Nelson, it 
might enable navigation to be maintained to the west side of Hudson Bay 
during a longer season than to Montreal. Beginning with 1875, the writer 
has had much personal experience in and around Hudson Bay and Strait, 
and he is sanguine that a successful transportation business can be carried 
on between the interior of North America and any of the seaports of the 
world by way of Hudson Bay. 


Joint Meeting with Section F and Sub-Section K (Agriculture). 


FRIDAY, AUGUST 27. 
The following Papérs were-read :— 
1. The Economic Geography of Canada. By Professor JAMes Mavor- 


The author described the relation of the liydrographical system of Canada 
to its early development, and contrasted the river and lake system of America 
with those of Europe—the former consisting of rapid streams rising at high 
levels, and sometimes obstructed by rapids or falls due to sharp changes of 
level, while the latter consists, for the most part, of sluggish streams, 
sometimes forming networks which are readily navigable for great distances 
by small or large vessels. The earlier and more rapid colonisation of the 
Kuropean area is thus accounted for, while the earlier penetration into the 
interior plains of America was accomplished by means of the rivers. The 
contours and country are such as to render extensive immigration by means 
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ons impossible; the colonisation of America 


of them under primitive conditi : 
had thus to wait for the development of mechanical means of transportation 


upon land. : ; 
The chief economic fact in the history of the American continent is the 


railway development as a means of colonisation. 
The author described in general terms the situation of the more important 


natural resources, and gave a brief account of the localities of different 


industries. 


9. The Seychelles. By J. SvaNuey GARDINER, F.R.S.—See Fourth 
‘ Report on Investigalions in the Indian Ocean, p. 198. 


3. The Cycle of Alpine Glaciation. 
By Professor Wiun14M Hursert Hosss. 


Though differing widely in the nature of the erosional process and 
resulting in forms of wholly different aspect, there may be recognised in 
the sculpturing of upland regions by rolling glaciers a differentiation into 
stages analogous in some respects to those well determined for river erosion. 
Studies lately completed in many mountain districts once occupied by 
glaciers of the Alpine type, and the new and much-improved topographic 
maps, permit of new generalisation concerning relative degrees of maturity 


and the natural limitation of the cycle. 


4. The Formation of Arroyos in Adobe-filled Valleys in the South- 
Western United States. By Professor Ricuarp E. Dopce. 


Many of the valleys in Arizona, New Mexico, and other arid regions in the 
United States are partially filled with a compact clay of probable sub-aerial 
origin, known as adcbe. Such valleys usually have a longitudinal slope of 
not more than five degrees and a cross slope of somewhat more than five 
degrees. Many of these filled valleys are now being actively dissected and 
longitudinal arroyos from 20-50 feet in depth have been cut. These arroyos 
have few side branches and are being extended headwards mainly. The 
arroyos are evidently of recent origin, and a comparison of the accounts made 
by early expeditions in the Chaco Valley shows a rapid increase in length 
since the first reconnaissance surveys in the region. 

Evidence from the study of sections and peoples is strong that formerly 
the valleys were grass-covered and that the water after rains flowed over the 
gently sloping valley floors in the form of sheets. The reason for the present 
concentration of water and the consequent inauguration of valley-cutting is 
therefore an interesting question. The Navajos, the native race of the region, 
connect the change with the bringing-in of sheep by white men and the conse- 
quent close cropping of the native grass, coupled also with the fact that sheep 
travel in droves, often in single file. Thus for two reasons the sheep would 
aid in loosening the surface detritus and giving the water an opportunity 
to become concentrated in streams. That this suggestion is a strong working 
hypothesis is shown by the facts to be observed in the Chin Lee Valley in 
Arizona. While the main valley and its larger tributaries are barren and 
eut into by arroyos, one branch is grass-covered and flat-floored and supports 
willow trees. Water flows in sheets over the surface and is not concentrated 
in streams. This valley has never been occupied as a grazing area for sheep 
by the Navajos because of a superstition that it contains certain plants that 
are injurious to sheep. The suggestion that the inauguration of arroyo- 


cutting is due to the removal of the grass cover is strengthened by the fact 
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that dead willows are to be found in other branches of the same valley where 
grazing has been conducted and which are now deeply dissected by arroyos. 
For the description of the Chin Lee Valley the author is indebted to Mr. 
Richard Wetherill, of Putnam, New Mexico. 


5. Water Roules from Lake Superior to the Westward. 
By Lawrence J. BuRPEE. 

Three well-defined canoe routes were discovered at different times, lead- 
ing from Lake Superior over the height of land to Rainy Lake and the 
Lake of the Woods. The first of these, in point of time, was the 
Kaministikwia route; the second was by Grand Portage; and the third by 
way of Lake Nipigon. The discovery of the Kaministikwia route dates back 
to the days of the French régime. It was discovered before La Vérendrye’s 
day, and became well known throughout the long period of his Western 
explorations. For some reason this route was completely lost sight of 
during the period of confusion between the departure of French explorers 
and fur-traders from the West and the entry of British traders from 
Canada. It was not, in fact, until the discovery that Grand Portage was 
within the territory of the United States that the officers of the North-West 
Company, in searching for a new road, rediscovered the Kaministikwia 
route. Before this, however, the route by way of Grand Portage had been 
discovered, and was the recognised highway from Lake Superior to the 
West throughout the early period of the fur trade under British rule. In 
1784 Edward Umfreville was sent by the North-West Company to discover 
a route by way of Lake Nipigon. <A possible route was found, but the 
rediscovery of the much more convenient route by the Kaministikwia river 
made it unnecessary to resort to that by way of Lake Nipigon. 


MONDAY, AUGUST 30. 
Joint Discussion with Section L on Geographical Teaching. 


(i) Secondary School Geography in the United States. 
By Professor Ricuarp E. Dopae. 


Secondary school geography in the United States has largely been 
physical geography, with or without laboratory work. In recent years the 
emphasis has been particularly on the physiography of the lands, and the 
course has been planned to meet the requirements in the subject set for 
college entrance. In some high schools commercial geography has been 
introduced as a separate subject, taught mainly from a text-book or as a 
climax to a brief course in physiography. 

While in the earlier years after the introduction of the physiography 
of the lands in 1893-4 the emphasis was mainly on the scientific classifica- 
tion of land forms according to genesis, in the last few years the work has 
been expanded so as to include certain of the life responses pertaining to 
each sub-division (ontography). 

Such courses, while strong scientifically, and of increasing worth 
because of a constant increment in the number of prepared teachers, has 
not proved of as great value as the times demanded. Students in the high 
school have not secured a proper basis for the study of history, economics, 
and other subjects dealing with the distribution of phenomena, and have 
not received adequate preparation for later study of allied subjects in 
everyday life or in college. Hence the demand has arisen in the last two 
years for more usable high school work in geography, for work no less 
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valuable scientifically than physical geography, but of greater personal use 
to the pupils. 

Hitherto it has only been the rare high school that has included any 
work in the geographical study of any of the countries of the world. Pupils 
have in most cities dropped the study of regional geography at the age of 
thirteen or fourteen years. Nothing akin to the regional work in Britain 
and Germany has been attempted. 

Now educators and geographers have seen the necessity of such work in 
geography, and the demand for a reorganisation of work along these lines 
has come from many sources. The National Education Association and 
the Association of American Geographers have committees at work on the 
subject, and the new movement is well started. The lines along which 
geography in secondary schools will develop cannot be definitely prophesied, 
but it is evident that a change is imminent, and regional geography will 
probably soon be included in many secondary schools. This regional work 
will probably be based on the study of certain selected phases of physical 
geography, and will culminate in a treatment of certain selected regions 
from a commercial point of view. 


(ii) The Teaching of Geography in Secondary Schools. 
By Dr. C. H. Leets. 


The following Paper was then read :— 


‘Some Characteristics of the Canadian Rockies. 
By Arruur O. WHEELER, F'.R.G.S. 


The earliest map of the Canadian Rockies, drawn by David Thompson, 
geographer and astronomer to the North-West Fur Trading Company, in 
1813 and 1814, was shown on the screen, and the remarks concerning the travel 
of early days, with which it is interspersed, were pointed out. Box canyons 
in the Selkirk and main ranges, cut through bed-rock by glacial torrents, 
were then shown. Next followed pictures of the Selkirk forests and V-shaped 
valleys, with snow-clad peaks rising above and ice-falls glistening amid the 
trees. A description was given of the three series of the marble Selkirk caves, 
situated near Glacier, B.C., illustrated by flashlight views taken in their 
interiors. 

The climatic conditions of the Selkirks were touched upon, and the several 
types of glaciers to be found there and in the main range depicted. Samples 
were shown of the true Alpine glacier, the Piedmont glacier, the ice-cap 
glacier, hanging glaciers, and the parasitic glacier of Mount Lefroy. A 
picture, also, was shown of snow-mushrooms. The Spectre of the Brocken 
was described as a phenomenon of the Canadian Rockies as well as of the 
Harz Mountains, and two appearances of it, as seen by the lecturer, outlined. 
A map, with photographic methods of survey, was shown, illustrating the 
observations now being made of the Yoho glacier by the Alpine Club of 
Canada, and the methods described. The magnificently coloured glacier 
lakes were dwelt upon, and a number of pictures of them shown. Ice caves 
at the snouts of the glaciers were illustrated on the screen as seen from without 
and from within. Pictures were shown of the ordinary glacial moraine ; 
also of “* block” or bear-den moraines, and the theory that the latter are due 
to seismic disturbance explained. Next were shown a series of waterfalls, 
The fossiliferous areas of the main range were referred to. Illustrations of 
the rock-capped earth pillars of Hoodoo Valley, known locally as ‘‘ Hoodoos,”’ 
were given; also of some of the numerous hanging-valleys of the region ; and 
of characteristic types of mountain architecture of the limestones of the 
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main range. Pictures of the animal life of the region and panoramic views 
from a number of the highest summits were shown. 


TUESDAY, AUGUST 31. 
The following Papers were read :— 


1. The Relation vf Local Mechanical Transportation to the Structure 
of Modern Cities. By G. E. Hooxer. 

The urbanisation of population is the characteristic of this as dis- 
tinguished from all other historic periods. _ 

In response to this movement a new science has arisen directed to the 
higher physical organisation of cities with a view to their efficiency, health, 
and beauty. 4 gfe 

The thesis of this paper is that mechanical transportation 1s the most 
fundamental and determining factor in modern city structure, and should, 
in this city-planning movement, be recognised as such and dealt with accord- 
ingly on reasonably idealistic lines. 

Expanded in statement this thesis is :— 

I.—That mechanical transportation is fundamental to the existence of 
the modern city, has absorbed long-distance and in considerable part local 
urban carriage, and is destined to extend completely over the latter. 

II.—That in the maladjustment thus presented between a traditional city 
framework and a revolutionary method of transport, the latter has been 
exercising a profound and largely unguided influence upon city structure, 
resulting in disordered cities and deficient transport. 

III.—That the time has come when the organisation of cities in recogni- 
tion of mechanical transportation as their central and basic factor should 
be definitely undertaken, and the following should be the main guiding 
principles, viz. :— : 

(a) That all the freight and passenger carrying lines and appurtenances 
of a given city should be combined into one orderly and properly distributed 
network, in connection with which there should be developed a system for the 
collection and delivery throughout the city of all freight by mechanical 

* power. 

(b) That passenger facilities should be developed harmoniously on the 
basis of continuous cross-city routes. 

(c) That the primary elements of a great city’s framework should accord- 
ingly be certain cross-town axial railway avenues and their branches, 
designed to serve as the trunk factors in a unified and exclusive system of 
mechanical circulation for both passengers and goods, on which system the 
balance of the city framework should be articulated. 

(d) That these factors of transport should, save in exceptional cases, be 
elaborated in the open air, with differentiated speeds, properly constructed 
ways, and quieted apparatus, implying healthy occupation for employés, 
convenience and comfort for passengers, and the minimum injury, where 
injury is unavoidable, to territory traversed. 

IV.—That the modern ideal of a cleanly, convenient, efficient, and widely 
dispersed city can thus be realised. 


2. Yellowhead Pass and Mount Robson, the Highest Point in the 
Canadian Rockies. By Dr. A. P. Coteman. 


The Yellowhead Pass is well known for its easy gradients through the 
Rocky Mountains, its highest point reaching only 3,700 feet above sea-level, 


TRANSACTIONS OF SECTION E. 535 


so that splendid mountain scenery is. scarcely to be expected. It is a 
surprise, therefore, on reaching the Grand Forks of Fraser River to see 
Mount Robson rising 10,000 feet almost sheer from the narrow valley. 
The south-west side, seen from the railway, seems so walled with precipices 
as to be unscaleable; but on the north-east side, which is covered for 
7,000 feet with snowfields and hanging glaciers, three attempts were made 
to climb it. All were foiled by bad weather, though in one a height of 
11,500 feet was reached, about 1,500 feet from the top. 

A considerable area of unknown territory was mapped by our party, the 
first white men to visit Mount Robson. 

One of the glacial streams divides its waters between the Pacific and 
Arctic Oceans, one branch flowing to the Fraser and the other to the Peace 


River. 


3. The Australian Sugar Industry and the White Australian Policy. 
By Professor J. W. Grecory, F.R.S. 


Australia in 1901 decreed that the Australian sugar industry must use 
white labour, in spite of emphatic warnings that the policy meant the imme- 
diate and complete ruin of the sugar industry. It was maintained that 
sugar cane could not be grown in tropical Australia without black labour. 
The past five years’ experience, however, has belied these predictions. The 
new policy has been so vigorously enforced that the acreage under sugar cane 
in Queensland cultivated by black labour has fallen from 62.1 per cent. in 
1904 to 11.8 per cent. in 1907; but the total acreage in Queensland has 
increased from 95,697 acres in 1902 to 128,138 acres in 1907. Australia, 
instead of growing less than half the sugar it needs, as in the black-labour 
time, now raises practically all; the imports of sugar have fallen from 83,822 
tons in 1902-3 to 3,680 tons in 1908-9, while the amount grown in Australia 
has increased in the same time from 92,500 tons to 195,900 tons. The rateable 
value of the sugar areas has increased. The white labour proves cheaper 
than the black in spite of the great difference in nominal wages. 

The white settlers, moreover, have a much lower death-rate than the 
Kanakas. The evidence of the Education Department shows that the 
children in the tropical towns are as efficient as those in the southern tem- 
perate districts of Queensland. 

This experiment in the effort to use white labour in tropical agriculture, 
the greatest yet attempted, has so far proved a success as complete as it was 
unexpected. 


4. The Development of Nantasket Beach. 
By Professor Doucuas Wiison Jounson. 


This Paper presented the results of a study of the form of Nantasket 
Beach, near Boston, Massachusetts, and included a discussion of the 
stages of development through which the beach has passed to reach its 
present form, and of the processes by which that development has been 
accomplished. Nantasket Beach consists of sand, gravel, and cobbles, 
deposited by wave action between several drumlins which formerly 
existed as islands. The form of the beach ridges, and their relation to 
abandoned marine cliffs on the drumlins, prove the former existence of 
several ‘drumlin islands,’ now entirely destroyed by wave action. The 
evidence furnished by the beach on changes in the relative elevations of sea 
and land was considered, and it is concluded that no such changes have 
Se while the beach was forming, a period of one or two thousand years 
at least, 
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5. Wauwinet-Coscata Tombolo, Nantucket, Massachusells. 
By F. P. Guuiiver. 


The tombolo connecting Coscata Island with the Wauwinet or eastern end 
of the Island of Nantucket, Massachusetts, was a continuous bar of gravel 
and sand from the time of the first settlement of the Massachusetts coast up 
to 1896. During the fall of 1896 there were several unusually heavy storms, 
and on December 17, 1896, the sea cut a narrow channel across the tombolo 
at a point which had been used by the fishermen for many years as a place 
for hauling small boats from the head of the harbour to the open ocean. 

The strong north and north-east storms of the fall of 1908 finally closed 
this opening, which had moved progressively north from Wauwinet towards 
Coscata during the years from 1896 to 1908. 

Thus on November 12, 1908, the new tombolo was completed, connecting 
Coscata Island with the Wauwinet headland. 

During these eleven years and eleven months, when there was a tidal inlet 
across the sandy tombolo, the eastern coastline of Nantucket Island had been 
cut back from 300 to 500 feet. 


WEDNESDAY, SEPTEMBER 1, 
The following Papers were read :— 


1. The Progress of Geographical Knowledge of Canada, 1497-1909. 
By James WHITE. 


2. The Economic Development of Canada, 1867-1909. 
By James WHITE. 


3. A Great Geographer. By J. B. Tyrreuu, M.A. 


The author claimed that David Thompson, of whose achievements but 
little note has been taken, was the greatest land geographer that the British 
race has produced. 

A poor boy from a London charity school, he spent his life between 1784 
and 1812 on the northern part of this continent when it was a wilderness, 
peopled only by the natives and by a few fur-traders, who had little groups 
of houses or factories, often hundreds of miles apart, scattered along the 
principal waterways. 

He was a fur-trader in the employ of the Hudson’s Bay and North-West 
Companies, and in the prosecution of this trade he travelled more than 
50,000 miles in canoes, on horseback, and on foot through what was then a 
vast unmapped country, extending from Montreal on the east to the Pacific 
Ocean on the west, and from Athabasca Lake on the north to the headwaters 
of the Mississippi River on the south. Wherever he went he made surveys, 
and wherever he stopped he took astronomical observations for latitude, 
longitude, and variation of the compass. When he left the Western country 
in 1812 he had the material for a great map, which he drew in the following 
year, and which has been the basis for every map of Northern and Western 
Canada published since that time. 

After retiring from the fur trade, he was engaged for thirteen years on 
the part of Great Britain in surveying the boundary line between the United 
States and Canada under the Treaty of Ghent, subsequent to which he 
settled down quietly in Montreal. He died in 1857 at the age of eighty-seven 
years. 


fo-~ 
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4. The Progress of the Magnetic Survey of the Carnegie Institution of 
Washington. By L. A. Bavgr. 


Since April 1, 1904, when the Department of Research in Terrestrial 
Magnetism was established by the Trustees of the Carnegie Institution of 
Washington, a general magnetic survey of the globe, in which various 
civilised countries are taking part, has been in steady progress, in addition 
to the work of the said Department which confines its operations chiefly to 
the oceans and unexplored countries. It is expected that the general survey 
will be completed at about the close of the next decade. 

This paper gave an account of the work accomplished by the Carnegie 
Institution of Washington during the past five years—-one-third of the 
estimated period of the survey. The three magnetic elements (declination, 
dip, and intensity) have been determined at some 900 land stations, 
distributed over the following countries: Greenland, British North 
America, Mexico, Central America, Venezuela, the Guianas, Columbia, 
Ecuador, West Indies, Windward and Leeward Islands, various archi- 
pelagos in the Pacific Ocean, China, Persia, Asia Minor, Asiatic Russia, 
Africa, and Europe. 

Furthermore, during 1905-8 there was executed a general magnetic 
survey of the. Pacific Ocean in a chartered vessel called the Galilee, 
the aggregate length of the cruises being about 60,000 nautical miles, 
along which the three magnetic elements were again determined. In some 
places in the Pacific Ocean it was found that the existing magnetic charts 
gave declinations as much as 3°, and occasionally somewhat more, in error. 

There has just been completed the non-magnetic vessel Carnegie, 
specially adapted for ocean magnetic surveys. She began her first cruise 
on Saturday, August 21, bound for St. John’s, Newfoundland, and Hudson 
Straits. Upon return to St. John’s the Carnegie will set sail, about 
October 15, for Falmouth, England, and then proceed back to Brooklyn, 
New York, via Madeira and Bermuda. 

With the friendly and effective co-operation of the countries in which 
organisations exist for magnetic work we thus have ample assurance that 
a general magnetic survey of the earth will be completed within the stated 
time. 


"5. The Eastern (Tunisian) Atlas Mountains: their Main Structural and 
Morphological Features. By M. M. Autorce. 


This paper was the result of an excursion across the Tunisian Mountains 
undertaken last EKaster in company with Professor Vélain and M. Pervin- 
quiere. This area may be divided into the following natural regions :— 


(a) Fragments of the Ancient Land of Tyrrhenis. 

Along the coast of Algeria and off the coast of Tunis in the islets of 
Galita we find the remains of very ancient formations, granite, gneisses, 
and crystalline schists, similar to those which exist to a greater extent 
in the islands of Sardinia, Corsica, and Elba. These are probable indica- 
tions that we are here in the presence of the southern boundary of the 
ancient land of Tyrrhenis, now sunk beneath the waters of the Mediter- 
ranean. 

(b) The Sandstone Mountains of Khroumirie. 


This range, together with the mountains of the Apennines and of Sicily, 
forms a part of the Tertiary system of mountains surrounding the old 
Tyrrhenis. The main ranges of Khroumirie trending from the south-west 
to the north-east are apparently a continuation of the Saharian Atlas, 
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The trend lines of the Mediterranean Atlas, which are well developed in 
Algeria, run from west to east, and seem to disappear gradually toward 
the east before reaching the Tunisian frontier. They do not extend into 
Tunis except in the shape of fault lines and lines of displacement, which 
interfere with the other trend lines, producing a confused topography. 
These regions of Tertiary sandstone have still retained their forests of 
evergreen oaks and cork oaks, while the softer Cretaceous Marls are carved 
into vales covered with rank grass. The course of the Medjerda River 
divides these regions from the division treated of in the next paragraph. 
This river, flowing through a series of fertile alluvial depressions, has 
in a remarkable manner forced its way through the surrounding mountains, 
and, instead of following a continuous longitudinal valley, it drains 
series of fertile elliptical plains, joined by steep gorges cutting through 
the intervening anticlines. Most of these gorges have probably been 
- originated by the capture of the higher lying depressions by the lower 
ones; in some cases it is even probable that the capture was at first 
subterranean, and that some of these canyons have been formed by under- 
ground erosion and by the subsequent subsidence of the roofs of the caves. 


(c) The Central Upland of Tunis. 


In the central district we find a rolling upland, consisting of a series 
of dome-like elevations, running in more or less regular lines and broken 
hy elliptical depressions. These structures have probably been brought 
about by the superposition of the Atlas folding running south-west and 
north-east upon an older system running in meridian ‘directions, and 
which is more visible in the far south. The formation of these domes 
and basins might be illustrated by compressing a sheet of corrugated iron 
in such a manner as to produce a new series of corrugations crossing the 
original ones obliquely. 


(d) Continuous Ridges of the South. 


Toward the south we find elongated upfolds running parallel east and 
west, and dividing Tunis proper from the Sahara. Rich phosphatic deposits 
have been found in the Eocene limestones forming the flanks of these 
anticlines. 


(e) The Margin of the Desert. 


Along the foot of the southern ridges we find a series of alkali flats and 
salt lakes, locally known as ‘ Shotts,’ containing a large amount of chlorides 
of sodium, magnesium, and iodine. At a few points, where fresh water 
is available, are located the flourishing oases of the Djerid. These oases 
have been compared to natural greenhouses irrigated with hot water, the 
temperature of some of the springs reaching over 90° Fahr., giving to 
this group of oases a decided advantage in bringing to early maturity the 
dates, fruits, and vegetables, which are the chief source of wealth of this 
region. 

(f) Coastal Plains (locally called ‘Twnisian Sahel’). 


These extend east of the central uplands to the coast. They are fertile 
lowlands of recent origin, covered with plantations of olive-trees and limited 
toward the east by sand dunes. 


1 There is a striking contrast between the meandering habits and the mature 
character of the river in the longitudinal depressions, half filled up with its own 
alluvions, and its youthful and energetic hehaviour in the transversal canyons, 
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Section F.—ECONOMIC SCIENCE AND STATISTICS. 


PRESIDENT OF THE SecTION.—Professor 8. J. CHapman, M.A., M.Com. 


THURSDAY, AUGUST 26, 


The President delivered the following Address :— 


Arrer searching for some time for a topic for this address suitable to 
Winnipeg I finally made a choice which may not commend itself at first as 
a happy one. It is not a topic of immediate local interest, but at a distance 
of nearly 4,000 miles I was not in a position to discover the economic 
problems the treatment of which would immediately arrest the attention 
of the people of middle Canada at the present time, and had a wizard’s 
wand disclosed to me such problems I should not have been able to solve 
them on paper from the other side of the Atlantic. And yet my subject has 
a direct reference to Canadian affairs, though the extent of this reference is 
not apparent till we look ahead and view things in perspective. It occurred 
to me after a cursory examination of some recent examples of that remark- 
able modern crop of Utopias and anticipations which apparently are 
appealing to an extensive public. If only these ‘new worlds’ represented 
what existed somewhere among human beings with passions and infirmities 
like our own, ‘ How much more instructive they would be!’ one was naturally 
led to reflect. You will see now the train of suggestion fired in my mind. 
Clearly, if the gaze of humanity is repeatedly drawn to its future, a visitor 
from a land of advanced industrialism who had made that industrialism his 
study, in speaking, in a country as yet thinly populated and young in 
industrial experience, of some of the most urgent problems which indus- 
trialism brings with it, might expect a hearing at least as patient as that 
which a very minor prophet would win. Now among the most insistent 
root problems to be found in our great industrial city civilisations are those 
which group themselves around wages, conditions of work and living, and 
the hours of labour. From this group I have chosen the problem of the 
hours of labour as the one which has not, perhaps, received the same 
measure of practical consideration as the rest. Expressed in another way, 
our topic is the value of leisure, the bearing of industrial development 
upon it, and its effectiveness in shaping economic arrangements. The 
demands continually made for shorter hours and a normal day, the claim, 
now extensively supported among Western peoples, that the State should 
intervene, and the fact that some Governments have intervened, even to the 
length of regulating the hours of adult male labour, are additional grounds 
for trusting that this topic will be at present of more than academic 
interest, 
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We naturally inquire at the outset why the question of leisure does not 
assume prominence until modern industrialism has supplanted a simpler 
economy, and why much less is heard of it among agricultural than among 
industrial communities? In the hand industries of the past the hours of 
labour were excessively long in comparison with modern industrial standards, 
and among the peasantry and pioneering farmers work never wholly 
ceases in waking hours throughout much of the year except for short breaks 
for meals; and yet little complaint would seem to have reached us from 
either source. The explanation may lie partially in the fact that new 
grievances emerge with the spread of the wages system—the problem of the 
working day does not present itself in quite the same light to wage-earners 
and to the self-employed—that these grievances are rendered more articulate 
by group production ; and that the aggregation of people of one economic 
class in dense packs gives unanimity and volume to the demand for reform. 
The hardships suffered by a scattered population, occasioning discontents, 
which, however, stop short of provoking outbreak, seldom succeed in attract- 
ing public notice ; and people acting in isolation are naturally timid. But 
this, I think, is not the sole explanation. The character of much of the 
world’s work has changed, and so have the demands made upon leisure. 

Industrial work on the whole has certainly become more regular 
and continuous throughout the year, and analysis would seem to 
show that work per unit of time gets more severe, in a sense, as 
communities advance, though no doubt a strong case could be made out 
for the view that the trend of economic progress is towards an end in which 
the character of labour generally will be far more conducive both to satis- 
faction and to human development. I am not so optimistic as to suppose 
that mechanical improvements do not frequently bring with them a new 
monotony of work, though higher wages may prevent them from forcing 
greater monotony of life upon those who suffer from the new monotony of 
work, Mechanical improvement proceeds by ‘specialising out’ mechanical 
tasks, the performance of which by hand must be a dreary occupation, but 
each step in the march of invention seems to create, as a rule, by its incom- 
pleteness, tasks meaning a new and more concentrated monotony, though 
no doubt it must generally result in an appreciable reduction of the amount 
of dull employment involved in the attainment of a given output. Any 
work must be wearisome the pace of which is set by a machine and kept 
absolutely steady. We may usefully compare mechanical improvements 
with discoveries relating to the utilisation of by-products. The latter 
always recover from refuse something of value to the community, but they 
generally leave a refuse more concentrated than that with which they began. 

The road of economic advance is by way of specialism, and just as 
there has been specialism in tools and in division of labour, so there has 
been a specialism of labour in working hours and of leisure and social 
intercourse in non-working hours. Specialism on the one side implies the 
elimination of waste, whether of means or of time, and it has therefore 
meant to the labourer the partial or occasionally complete elimination of 
the leisure with which his working hours used to be plentifully interspersed. 
In a modern workshop, noise, the necessity of discipline, or a continuously 
absorbed state of the attention, have frequently reduced the possibilities of 
conversation to the barest limits. Humanity has no doubt been relieved of 
the heaviest burden of toil by inventions relating to the mechanism of 
production, but their application has been accompanied on the whole by the 
closer concentration of some kind of effort in time. The intensification of 
labour in a more confined sphere of activity may, as Professor Miinsterberg 
argues, exercise more fully the higher human faculties and thereby bring 
with it a deeper interest, but it will almost certainly prove more exhausting, 
even apart from the elimination of change, leisure, and social intercourse. 
And decade by decade, with the ‘speeding up’ of machinery, we should 
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expect to find more nervous strain accompanying the process of production. 
That industrial functioning has become,a severer tax on the energy of the 
workman is fully borne out by the evidence of numerous reports upon 
industrial conditions. 

The increasing nervous strain of industrial work, whether it results from 
the progressive specialisation of labour or not, would account sufficiently 
for the curious circumstance that there is apparently no finality about any 
solution of the ever-recurring problem of the normal working day, though 
it is not the sole explanation. The workman whose day has been reduced is 
soon repeating again his demand for shorter hours, and there are pessi- 
mists who infer from this that the shorter hours attained hitherto have 
shifted the community on to a slippery inclined plane which leads from 
the economic ‘struggle for existence’—by which is meant the competitive 
striving for place, reputation, and achievement, whereby progress is 
naturally stimulated—to economic stagnation. They think they discern in 
the present generation a growing disinclination to make an effort and a 
growing disposition to take the easy path; but that the truth cannot be 
mainly with the pessimists an examination of the effects of curtailments of 
the daily hours of labour upon output would at least suggest. A mass of 
material exists in official and other reports in more than one advanced 
industrial country for a study of this question. Beginning with the writings 
of Robert Owen and Daniel le Grand, both of whom laid especial stress on 
moral and social elements, an investigator would find an almost unbroken 
sequence of evidence. Mr. John Rae collected a volume of facts in 1894, 
and these may now be supplemented by the experiences of yet another 
half-generation.* Limitations of space forbid that I should quote 
examples, but I may at least roughly generalise from the recorded facts. 
I have found no instance in which an abbreviation of hours has resulted 
in a proportionate curtailment of output. There is every reason to suppose 
that the production in the shorter hours has seldom fallen short by any 
very appreciable amount of the production in the longer hours. In some 
cases the product, or the value of the product, has actually been augmented 
after a short interval. In a few cases the reaction of the shorter hours on 
the output per week has been instantaneously noticeable, and the new 
product has surpassed the old product before mechanical methods could be 
improved. Further, for some industries—for instance, for the Lancashire 
cotton industry—we have preserved for us the results of a string of observa- 
tions reaching back about three-quarters of a century, and it would appear 
from them that the beneficial effects wrought upon output by the shortening 
of hours were substantially repeated, though, of course, in different degrees, 
at each successive reduction of the working day. 

So far I have directed your attention mainly to two incidents bearing 
upon the hours of labour: the one, the effect of industrial development in 
curtailing the hours which result in the largest daily output; the other, the 
subjective effect of the increasing strain associated with such advance. I 
have now to add another influence, which is the enhancement of the value of 
leisure which must accompany a rise in wages, improved education, and social 
progress generally. It must be insisted that the amount of the real wage 
yielded by a given money wage varies as the time left to spend it; and, 
further, that the value of leisure is a function of the goods which can be 
enjoyed in the period of leisure. The acute operative would aim at so distri- 
buting his time between work and recreation that the gain resulting from 
a little more leisure would equal the loss consequent upon the implied 
diminution of wages. Hence, when the volume of goods per head annually 
supplied to labour was augmented, an attempt would almost certainly be 
made by the operatives to buy more leisure, even if the satisfaction derived 


1 Note in particular the Report of the Industrial Commission of the United States. 
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from leisure were unaffected, which it would not be, because the satisfaction 
derived from leisure must rise when each hour of leisure is enriched by 
greater possessions. As regards the effect of education, it is sufficient to 
point out that the value of leisure is a function of appreciative power and 
that this is developed by education, but it must be observed that the higher 
appreciative power might enhance the satisfaction got out of the work 
itself, and that this effect might conceivably counteract the effect on the 
value of leisure, or even more than counteract it. Ambitions would be 
further awakened ; but the ambitious operative would probably demand, as 
a rule, more time for study. I think it unquestionable that, on the whole, 
educational advance causes a curtailment of hours. ‘ But unfortunately 
human nature improves slowly, and in nothing more slowly than in the 
hard task of learning to use leisure well. In every age, in every nation, 
and in every rank of society, those who have known how to work well have 
been far more numerous than those who have known how to use leisure 
well. But on the other hand it is only through freedom to use leisure as 
they will that people can learn to use leisure well: and no class of manual 
workers who are devoid of leisure can have much self-respect and become 
full citizens. Some time free from the fatigue of work that tires without 
educating is a necessary condition of a high standard of life.’* Social 
progress, broadly regarded, by complicating life and rendering vague feel- 
ings of social obligation definite and more insistent, creates new claims on 
leisure. ‘Generally it can be said that the more complex the social organ- 
ism becomes, the more its constituent individuals must devote time, apart 
from work and business, to the family and recreation, to education and 
general affairs, the more necessary is a general social arrangement concern- 
ing the distribution of time between the several purposes which it has to 
serve.’ ? 

The eight hours day has come to be regarded by some social reformers 
as the ideal of the future. The doctrine that the workman should normally 
work eight hours a day has been put forward as holding at least as 
generally and with as high a degree of certainty as, say, the doctrine that 
the workman should normally sleep some definite number of hours a day. 
But I should argue that the problem of the length of the working day is of 
an order different from that of the problem of the time which should be 
devoted to sleep, for whereas the hours which should be given to sleep depend 
mainly upon physiological conditions, though these physiological conditions 
are affected by economic and psychological conditions, the hours which it 
is wise to assign to labour depend upon the attitude of the workman to 
leisure and work, which results as much from non-physiological as from 
physiological influences. It is my purpose to demonstrate that the non- 
physiological value of leisure, as well as its physiological value, must rise 
with progress, and, therefore, that in all probability the hours which should 
normally be worked per day will become steadily less. The ideal working 
day of the future cannot be eight hours, for it must be essentially a pro- 
gressive ideal. As a community advances agitation for shorter hours 
will be constantly breaking out anew. If this be a correct reading of 
progress, it is important that we should understand fully the forces at 
work at each re-settlement of the length of the working day, those on 
the employing side as well as those expressed in the claims of the opera- 
tives. I propose now, in consequence, to disentangle the impulses and their 
relations, into which the question of the determination of the working day 
at any one time may be resolved. 

The problem being elaborate, it is essential that we should proceed by 
successive steps of abstraction. We need not be afraid in this age of under- 


1 Marshall, Principles of Economics, 5th ed., pp. 719-20. 
* Schmoller, Grundriss der allgemeinen Volkswirthschaftslehre, p. 741, 
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standing of haviiig recourse to abstraction ; it is a method without which 
every scientific study, whether philosophy, biology, physics, or what not, 
even history, would be impossible. In the first instance, therefore, I intend 
to indicate the length of working day which operatives and employers 
would respectively seek if they recognised their own interests and were 
endowed with complete foreknowledge of the effects of different hours of 
labour upon their interests. I shall assume—as I may legitimately for 
ordinary factory employment—that the workman tends to get as his wage 
his marginal worth, that is to say, the value which would be lost by his 
dismissal. We may assume, further, that the marginal worth of the 
workman for any given working day becomes in the long run a stationary 
amount. If the efficiency of labour rose continuously in consequence of a 
reduction of hours it would obviously approximate to some limit, and if it 
fell continuously in consequence of an extension of the hours of labour it 
would equally approximate to a limit. After some time the differences 
between these limits and the actual efficiency of labour could be taken as 
negligible. Merely for the sake of simplicity, I shall now suppose that 
one kind of labour only is employed. It is clear, then, that it is possible 
on these assumptions to indicate what in the long run (7.e., when all the 
reactions, as regards, for instance, the efficiency of labour and provision 
and arrangement of other agents, have taken place) the marginal daily 
worth of labour will be for different lengths of working day, it being under- 
stood that the number of shifts worked remains the same. If the number 
of shifts were increased the value of the labour would rise, as will be fully 
explained later. Let us suppose that the following table represents, at a 
given time, the value of labour of a given kind per week in relation to the 
length of the working day :— 


Value of Labour 


Hours per Day. per Week in Shillings, 
6 » ° 34 
7 38 
8 . : 40 
9 - 5 41 
10 . . ° 40 
11 . . ' 39 
12 - ° : 37 


The fall in the value of labour after the working day exceeds nine hours 
is due to the fact that diminished weekly productivity more than counteracts 
the direct effect of the extension of the daily time for work. The diminished 
weekly productivity may be due to impaired vitality—physical, mental, or 
moral—or to some extent to irregularity, where that is possible, as in the 
case of colliers. The damage to productivity may be inflicted dizectly by 
excessive work, or it may be indirectly consequent upon it, the prime cause 
being found in the use of stimulants or recourse to unhealthy excitement in 
periods of leisure, reactions which are only to be expected when the day’s 
work is very exhausting or very dull. The use of leisure affects, of course, 
mental vitality, culture, and character, and it will therefore be generally 
observable that labour which has had its hours reduced will be capable after 
a time—when the use of leisure has been improved and the improvement has 
produced its effects—of managing satisfactorily more complicated machinery, 
and will be generally more responsible and trustworthy, and therefore less 
in need of continuous watching and directing. Now, clearly, if employers 
are endowed with the foresight presupposed, and if their hours of work 
need not increase concurrently with a lengthening of the working day, it is 
in the case supposed to their interest collectively to come to an agreement 
not to employ labour more than nine hours a day, and to their interest 
individually not to employ labour for shorter hours than nine a day. The 
second conclusion follows from the fact that the weekly product would be 
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augmented by a greater amount than 1s. multiplied by the number of 
operatives were the hours of labour increased, say from eight to nine, 
because labour, as every other agent employed in production, is paid not 
its aggregate but its marginal worth to the business in which it is employed. 
This proposition may be made more self-evident by the following example. 
Were labour rendered 25 per cent. more productive all round, the product 
and real wages would each be raised approximately 25 per cent., other 
things being equal; but as the product must be greater than aggregate 
wages the addition made to the former by the longer hours must be greater 
than the addition made to aggregate wages. 

Next, suppose that an agreement between employers, tacit or overt, is 
impossible, and that each employer will make what he can when he can. 
What hours, then, will competition among employers tend to bring about 
when humanitarian considerations and any resistance from the operatives 
are ruled out? Suppose the efficiency of labour at the time is that asso- 
ciated with a customary working day of ten hours. The product of the last 
fraction of the tenth hour could not be zero, for, if it were, ten hours would 
not be worked. The ultimate effect of extending the working day beyond 
nine hours is loss, not because the product of the last fraction of the ninth 
hour is zero, but because the product of the last fraction of the ninth hour 
just equals the ultimate reduction of the product of the other hours occa- 
sioned by the lengthening of the working day. Hence, on the assumption 
that employers are perfectly far-sighted, but that agreement between them 
as to working hours is lacking, the disposition on the part of each employer 
to reduce hours to nine would be weakened if each employer could not 
depend upon keeping operatives after he had brought them to the level of 
efficiency associated with the nine hours day. The reforming employer 
would run the risk of paying the whole cost of the labour value created by 
shorter hours and getting little in return; other employers might secure 
and exhaust the new labour value, and no permanent good would be effected. 
Nor would there be any more guarantee in the conditions supposed that 
the nine hours day would be retained, if instituted, for an employer could 
always snatch a temporary advantage by extending hours and paying 
slightly higher weekly wages. This is a general proof that, on the assump- 
tion made as regards the intelligence and foresight of employers and in 
the absence of agreement between them, the hours resulting in the maximum 
product would not necessarily establish themselves, no force on the side of 
the workpeople being supposed operative. 

I now pass on to analyse the determinants of the operative’s choice in 
the matter of the hours of labour, assuming that his wage equals his mar- 
ginal worth and that he knows it, and supposing in the first place that he 
is endowed with perfect prevision. ‘Two things affect him. which do not 
appeal to the self-interest of the employer, namely, the direct value-of his 
(the operative’s) leisure and the balance of satisfaction or dissatisfaction 
which his work yields of itself. Here I must interpolate the remark that 
by ‘satisfaction’ or ‘utility’ in this address I merely intend a con- 
ventional objective representation of the subjective fact of preference, 
behind which the economist qué economist cannot penetrate. I say this 
in order to evade the charge so frequently made against economics that it 
implies the acceptance of Utilitarianism, psychological or ethical. Picking 
up again the main thread of our discourse, we observe that, apart from the 
two considerations mentioned above, namely, the value of leisure and the 
satisfaction got directly from the activity of labour, the operative’s real 
income is maximised when his money income is maximised. Hence apart 
from these two considerations the choice, as regards the length of the work- 
ing day, of perfectly far-seeing operatives would be the choice of far-seeing 
employers were the latter combined. Now take the value of leisure into 
account. Any daily duration of production being premissed, if the utility 
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derived from a1 incremental addition to leisure is greaté? than the utility 
of the increment of wage sacrificed by transferring an increment of time 
from production to consumption, the operative would gain from a contrac- 
tion of the working day, other things being equal. Recurring to our earlier 
numerical example, we see that from the long-sighted point of view the 
productivity of the last fraction of the nine hours day is zero while its 
value as leisure must be greater than zero. Hence the operative would 
choose to work less than nine hours a day, it being understood, remember, 
that he is paid his marginal worth and knows what that will be for 
different daily periods of work. Leisure consists in rival satisfaction- 
yielding occupations, active or passive, which are rendered possible by wages. 
There is consequently a close connection between this and that other deter- 
minant of the operative’s choice, namely, the positive or negative utility 
associated with labour itself. It may be granted that in the long run, 
after the working day has exceeded a certain length, any further addition 
to it diminishes the satisfaction directly derived from working or adds to 
the balance of dissatisfaction. If a balance of dissatisfaction were asso- 
ciated in the long run with the efforts of the last minute in the working 
day which the operative would otherwise choose, as would ordinarily be the 
case, he would elect, other things being equal, to work an even shorter day, 
the duration of which would he determined at the point at which the 
gains and losses came to equivalence when everything was taken into 
account—that is to say at the point at which his satisfaction was maximised. 
Did the last minute of working still yield satisfaction in the long run when 
the hours were nine (referring to the case supposed), which is so highly 
improbable as to be a negligible case, the operative would prefer to devote 
more than nine hours of his day to production were this satisfaction of 
working greater than the value associated in the long run with the last 
minute of leisure left when nine hours a day were given to business. 

So far in considering the operatives’ interests we have fixed our eyes on 
a remote perspective. We next focus our attention upon immediate ten- 
dencies and suppose them not to be counteracted by forces arising out of a 
regard for ultimate results. In these circumstances the operative would be 
inclined to select a longer working day than that which would be con- 
tinuously the most advantageous to him, because he would be blind to the 
reaction of the longer hours on efficiency and so on earnings and the capacity 
to take pleasure in work. Many people lower the general level of their 
earnings in the future, and spoil their enjoyment of work and leisure in the 
future, by making as much as they can in the present. However, even in 
these circumstances operatives would not approve such long hours as 
employers who were short-sighted, because the latter would make no allow- 
ance for the disutility of labour to the operative or the utility to him of 
leisure. 

We are assuming throughout, it must be remembered, that the wage 
will always be the operative’s marginal worth—that is, what would be lost 
if he were dismissed—and that he knows it. Actually, of course, there 
is frequently an appreciable discrepancy between the marginal worth of 
labour and its wage, and the usual connection between them has not been 
commonly understood by the wage-earning classes. It would seem from 
the records of labour movements as if the operative’s fear—based as much on 
ignorance as on distrust—lest the longer day should mean no more pay, 
though the weekly product would be greater, has protected him against the 
injurious consequences of short-sightedness ; but I am inclined to think 
that the dominant force in these labour movements has consisted in ideals 
of life, formed half instinctively, which are unconnected with views, falla- 
cious or otherwise, concerning the mechanics of distribution. Bad argu- 
ments have been used to justify good ends. To these ideals of life I shall 
refer again, 
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In reality the actions of both employers and employed, if so far as they 
are governed by self-regarding impulses, will be compromise resultants of 
immediate impulses and long-sighted calculations. Long-period results 
which are not very remote will usually be appreciated, and employers as 
well as operatives may aim at them, because the former may think the 
length of time an operative usually stays with one firm sufficient to justify 
a slight present sacrifice made with the object of securing improvement in 
the operative’s efficiency. 

The above analysis explains not only disagreements between employers 
and operatives as regards the normal working day, but also the friction 
which is constantly generated in the matter of ‘overtime.’ Without the 
admission of overtime heavy losses might be experienced by an industry in 
view of the inelasticity of its production and fluctuations in the market in 
which it sold; but, on the other hand, overtime once admitted sometimes 
tends to be worked out of proportion to the special need for it, and opera- 
tives are apt to suspect that it is being used unfairly to extend the normal 
day. 

I now desire to compare specifically the effect on wages with the effect 
on the working day of the mechanical action of pure competition. In the 
matter of wages, if operatives were too weak to have much influence in 
settling their pay, competition between employers, were it keen and un- 
checked by combination, would at least secure to the operatives as a wage, 
for a given working day, their marginal worth (within limits set by social 
friction) in view of their then state of efficiency. Thus in the circumstances 
supposed the operative would tend to get approximately the utmost possible 
—apart from the question of the reaction of wages on efficiency—in an active 
society reposing economically on a basis of freedom of enterprise, for we 
may take it that in such a society the bidding of individuals against one 
another for labour would continue at least up to the known marginal worth 
of labour. Observe, however, that the existence of such bidding may imply 
that new businesses are being established, or that old established employers 
are anxious to make considerable extensions, for old established employers, 
knowing that similar workmen must be paid the same, might avoid courses 
of action which resulted in a gain less than the loss involved in the elevation 
of wages. It is doubtful whether employers would as a rule assume that 
if they did not take steps leading to an advance in wages others would do 
so, for, not unnaturally, employers are commonly indisposed to disturb rates 
of wages except for strong reasons. And in the cases in which competition 
is effective in raising wages to the marginal worth of labour, it must 
be remembered that employers, even if endowed with a _ powerful 
telescopic faculty, would not necessarily be induced by self-interest 
to offer the wage in excess of the operative’s worth at the time 
which would ultimately produce (by augmenting the bodily and 
mental vigour of the operative) efficiency value equal to it, for 
their precautionary instinct would attach weight to the apprehension 
lest some of their operatives should leave them and carry to rival employers 
the proceeds of the long-sighted investments thus made in them. Other 
things being equal, of course, the higher the efficiency of labour the greater 
is the gain not only of the workmen but also of the employer. Now, as 
regards the working day, we have already seen that uncombined employers 
might keep it longer than would be desirable from their point of view, for 
the same reasons for which they might keep wages lower than would be 
desirable from their point of view. These reasons are, I repeat again; 
short-sightedness, or fear of incurring an expense the fruits of which other 
employers might reap. In this respect competition between employers is 
equally defective in its bearing on wages and in its bearing on the length 
of the working day. But it has an additional defect, as regards the 
amenities of working class life, in its bearings on the length of 
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the working day; for though competition between employers in an enter- 
prising society would bring about the degree of devotion of time to produc- 
tion which the operatives would choose at the wages rendering it possible, 
the choice of the operatives is apt to be governed by a circumscribed vision 
which is partially blind to the responses of efficiency to abbreviated hours. 

It would seem, therefore, that two reasons at least can be derived from 
economic theory for State intervention in the matter of the hours of 
labour, if it be assumed that the State can discover what is best for the 
country. The one is to correct the tendency of people engaged in industry 
to agree upon an amount of sacrifice to money-making, which means a 
large future loss, involving the next generation, for a small present gain ; 
the other is to fortify, if needful, the resistance of operatives to the dispo- 
sition of some employers to secure a greater product at the expense of the 
operatives’ convenience. This conclusion would, however, be too hasty a 
deduction. Economic matters are settled, not merely by the self-regarding 
forces which we have hitherto emphasised, but also by social conceptions, 
embodied in public opinion and class notions of what is right and proper, 
which defy expert analysis and any accurate evaluation as influences. These 
social conceptions, which are not deliberately framed on a rationalistic 
basis, but proceed insensibly as it were from the needs of human life, are 
less intermixed with religious elements now than they used to be, Lut are 
none the less powerful. Resting on the seventh day is not at present a 
religious observance to the extent to which it has been in certain periods of 
past history, but it has not universally been found necessary to supplement 
the declining religious sanction with the legal sanction. How far progress 
which runs counter to tendencies determined solely by self-regarding forces 
may be left with confidence to the operation of these incalculable motives 
which sway every community, can be settled only by careful observation. 
It is sufficient now to recognise their existence, and to point to the 
reductions of the hours of labour in recent years. I do not propose to 
consider here, in the light of the existence of these incalculable motives, 
the merits and demerits of the method of legal enactment for attaining 
the ideal in the matter of the daily duration of toil, except to 
observe, first, that Government interference which aimed at securing 
reasonable hours for adult males in all the diversified industries 
of a country would entail elaborate, elastic, and frequent legisla- 
tion, and would no doubt be accompanied by many grave errors; and 
secondly, that a prima facie case can be made out for the regulation of the 
hours @ven of adult males by authoritative boards, Order of the Home 
Office, or by statute, when labour is weakly combined and hours are 
evidently sweated hours, and evidence is forthcoming that they are detri- 
mental to health or vigour. Nor do I propose to consider whether it 
might not be better to suffer for a time present ills in the hope that there 
would grow up in the community an adequate power of self-regulation, which 
would incidentally be accompanied by highly valuable social consequences, 
outside the sphere of our present inquiry, that otherwise might never have 
been elicited. I am hopeful that the intangible force of public opinion, 
directed by economic and ethical enlightenment over a field rendered yearly 
more co-extensive with contemporary facts in consequence of the growing 
demand for publicity and the response made to that demand by govern- 
mental authorities and the press, will become in the future an increasingly 
efficacious factor in progress, apart from its expression in law. Even 
to-day, in view of the dependence of producers on demand, neither 
employers nor trade unions can afford to brave for long public sentiment, 
though unorganised, when it is deeply stirred; and public sentiment in 
the years before us may be expected to respond more sensitively to incidents 
in its surroundings which offend against social conceptions of what is 
right and proper. The cases of children, young persons, and women, which 
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bring in special considerations, must be ruled off from the subject matter 
of this address. 

There is no doubt but that all advanced industrialism to-day is feeling 
the strain of ap accumulation of forces tending to bring about an abbrevia- 
tion of the working day, and that it will be subjected to the same strain 
in the future. Now, in relation to this experience, it is disturbing to notice 
that a close-set limit is imposed upon reduction of hours by the heavy 
interest and depreciation charges with which the product of a machine 
is burdened when it works only a fraction of the time for which interest 
must be paid. As regards depreciation it must be observed that buildings 
deteriorate in value at least as much when shut up as when they are 
occupied ; that machinery continues to wear out, and sometimes rapidly, 
when it is idle; and that the reserve fund necessary because the market 
may contract at any time, and because machinery may at any time be 
rendered obsolete, is independent of the length of the working day. Many 
inventions involve an extended use of capital per head, though all do 
not, and interest and depreciation charges are on the one hand interdicting 
the application of some of those new ideas to industry which do necessitate 
heavier capital investment, and on the other hand preventing those applied 
from reducing hours so much as they otherwise would. 

The weight of the discouragement indicated above to the shortening 
of the hours of labour depends, of course, upon the relation between wages 
and payments for capital in the expenses of a business, and this relation 
varies with the industry. A rough calculation, nevertheless, for a 
particular industry of the saving in hours which might be effected by the 
continuous running of plant will not be altogether irrelevant. 
In the industry for which I have obtained figures, interest and deprecia- 
tion would be reckoned ordinarily at 10 per cent. on the capital, about 
half for each, while wages would be in the neighbourhood of 12} per 
cent. Now, it is being assumed provisionally that the depreciation charge 
varies as the hours worked, that the rate of interest is a constant, that 
the equipment of the industry remains as before and labour tends neither 
to leave the industry nor to flood into it, and that other costs of production 
are not affected, we find that hours could be reduced from ten to eight 
without any loss of wages, were the continuous running of plant substituted 
for the ten hours day.’ 


1 The calculation is as follows :— 


Interest = 5 per cent. of capital. 
Depreciation = 45 . i 
Wages. : = 12} . Ay 

.. Wages + Interest = 174 3 sy 


Continuous running would mean increasing the annual duration of production in 
the ratio of = Hence, with continuous running, 


2 
Wages + Interest = 173 x = = 42 per cent. of capital. 
And, as the capital remains as before— 


Interest : 
Wages 


5 ‘per cent. of capital. 
37 ” ” 


Wt 


Writing 2 for the daily hours worked per head which would yield the same 
weekly wages as before, we have 
37 _ 123 
oA t= 0" ule 
_ 300 


ee ay = 8 (approximately). 
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Actually, of course, some of the gain would be taken in the form of 
higher wages. Further, it must be noticed that the assumptions made do 
not accurately correspond with fact, though they are satisfactory for the 
purposes of a first approximation. On the one hand they lead to an over- 
estimate of the advantages of continuous running, because twenty-four 
hours of work could not possibly be squeezed into a twenty-four hours day, 
and because the cost of artificial light during night work is disregarded, as 
are also the costs connected with awkward points in organisation, with the 
sharing of responsibility for the proper treatment of machinery, and with 
the fact, universally experienced, that night-shifts are not so productive as 
day-shifts. On the other hand, they lead to an under-estimate of the 
advantages of continuous running, because the cost of depreciation, as we 
have seen, is not proportional to the daily hours of work,? because the 
shorter hours would raise the efficiency of labour, and because the demand 
for capital would be redueed, as would also the demand for land for manu- 
facturing purposes. The inevitable contraction of the demand for capital 
is a point to be emphasised. If working hours per day were raised from ten 
to twenty-four, then, the reaction on the efficiency of labour still being 
disregarded, the old output could be obtained with five-twelfths of the old 
capital: the consequence would be a fall in interest, an augmentation of 
the amount of the plant per head of the people working with it at one time, 
and therefore an increased output per head. 

_In view of its great economies, the shift system calls for very careful 
consideration. The magnitude of the advantages which the wage-earners 
might hope to derive from its more extensive application has 
been denied, on the ground both of theory and of experience of 
those businesses in which it has been tried. But theoretic objecticus 
of a fundamental nature will be found to reduce to false doctrino 
concerning the determination of wages; and it must be remembered 
that as the benefits accruing from the comparatively few cases in which 
the shift system is practised are by competition spread over the whole 
community, the gain of any individual is cut down to a very small figure. 
It must not be supposed that the effect of its universal adoption would be 
equally inappreciable. Without general recourse to shift systems I cannot 
see any immediate prospect of much additional leisure for the mass of 
the population. Shifts could be designed so that no one shift would be 
particulariy disagreeable to work in, and, if all shifts did not offer equal 
advantages, the operatives could be moved round, being assigned for so many 
weeks to each shift. The shifts for foremen, and the management generally, 
which would have to be strengthened, might be arranged to run over a 
portion of two operatives’ shifts, so as to cement the new work on to the 
old; and the connecting of the work of each shift with that of the shift 
which it followed could also be secured by arranging that the unit of 
labour should be a group of partners, consisting of one man from each 
shift, it being the duty of each man before commencing work to sce his 
partner in the displaced shift and receive instructions from him. 
Naturally, a shift arrangement could only be introduced gradually. Are 
the objections to shifts of such gravity as to counteract their immense 
economies? The fact that an affirmative answer was generally given to this 
question in the past is no proof that the affirmative is the right answer 
to-day in England, or even in industrial Canada. Conditions have been 
revolutionised in the last fifty years. Improvements in artificial lighting 
‘and in intra-urban transportation have alone swept away a mass of the 
conditions underlying the evils which used to be associated with night 
work. And two or three shifts of approximately seven hours each, or 

? Had the depreciation been taken as independent of the hours of work the 


calculation in the previous note would have pointed to a seven hours day instead of 
an eight hours day. 
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three or four shifts of approximately six hours each—I state a not ititie- 
diately attainable ideal—are very different in their effects upon social life, 
exclusive of those associated with the shorter period of toil for each work- 
man, from two shifts of some ten or eleven hours each. With the shorter 
shift in use, arrangements could be made without much difficulty for all 
operatives to get most of their sleep in the night, if they so wished, and to 
enjoy most of their leisure in daylight. But it is not my intention in this 
address to make a practical proposal, or argue points of detail. I merely 
present certain theoretic corollaries which have incidentally been derived 
from our analysis of conditions determining the length of the working day. 
In conclusion, I may quote Dr. Marshall’s final judgment that were shift 
systems more extensively adopted ‘the arts of production would progress 
more rapidly ; the national dividend would increase ; working men would 
be able to earn higher wages without checking the growth of capital, or 
tempting it to migrate to countries where wages are lower: and all classes 
of society would reap benefit from the change.’ * 

Let me now summarise my main conclusions, and humanise them by 
restoring the moral and social elements from which our premisses were to 
some extent abstracted. I have hitherto spoken of progress in such terms 
that the critic would have some excuse for charging me with narrowness of 
vision. Progress is not summed up in improvements in productive methods 
which reduce the cost of things, nor in these improvements combined with 
the application to production of ideas which render work pleasanter and 
more educative. Nor is it wholly, or in bulk, summed up even if we add 
improvements in distribution (resulting in a more satisfying sharing of 
wealth) and a greater responsiveness of production to the needs of the com- 
munity. The essentials of what most of us really understand by progress 
are to be found only in the world of consciousness—in the spiritual con- 
stituents of the universe. I mean what we cannot exactly define if we are 
not philosophers—and hardly then—but something implying a full living, 
with understanding of life and its surroundings, including its ethics, and 
a living with volitional powers strong enough to enable us to follow our 
lights. As all this is actually, though vaguely, desired in some degree by 
humanity generally, it is no doubt covered by the satisfactions measured in 
demand, but the admission of its reflection on one plane cannot be regarded 
as its adequate inclusion in our social philosophy. The most im- 
portant aspect of the question of the length of the working day consists in 
its relation to the most intimate constituents of progress. Let us call 
progress in this sense ‘ culture ’—a term perhaps the best of the single terms 
available to convey my meaning. Now the world appears to be so designed 
that culture has on the whole a proportionately important place in the 
most primitive economic conditions. The hours of labour in such conditions 
may be long, but work is not so continuously absorbing that social inter- 
course during work is impossible, while variety of experience, contact with 
nature, and the calls made on initiative, afford that intimacy with life as 
a whole, and that evocation of moral forces, which must be obtained in 
later stages of civilisation largely through systematic education and books. 
I have argued above that each step in civilisation brings intensified 
specialism. Work is by no means rendered non-cultural ultimately, but its 
cultural aspects are specialised, as are its objective aspects. Interest may 
be deepened on the whole, but it is no longer diffused ; the need for thought 
and purpose may be no less than before, but the thought and purpose are of 
a confined character. The intensification of economic life which is implied 
is in itself all to the good, but the community must lose something of 
culture unless, corresponding with this intensification, there is an expansion 
of leisure and a specialised use of leisure for the purposes of culture. 


1 Marshall, Principles of Hconomics, 5th ed., p. 695, 
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Certain expressions which have come into common use would seem to be 
significant of the needs and dangers of an industrial society highly advanced 
on the technical side. Thus we speak of the ‘cultured’ classes and the 
“leisured ’ classes. For the attainment of culture, leisure is essential to-day 
as it was not in the past in quite the same sense, ‘culture’ being broadly 
defined. I need not say that a ‘progress’ which meant the ‘specialising 
out’ of leisure for the sole enjoyment of one class would not commend itself 
to'any reasonable person ; and I do not discern any danger of ‘ progress’ of 
this sort; but there is some danger lest the growing importance of leisure 
generally, and of a proper use of leisure, should not be fully realised. 
Tangible things force themselves upon our attention as the more intangible 
do not, and some of us who have an economic bent of mind get into the 
way, in consequence, of thinking too much of the quantity of external 
wealth produced and too little of the balance between internal and external 
wealth. In ultimate terms, to those who care to put it that way, all 
wealth is life, as Ruskin insisted. There hardly appears to be any risk of 
a general underrating of external goods, but there is some risk of an 
underrating of the new needs of the life lived outside the hours devoted to 
production—which should themselves be, not a sacrifice to real living, but 
a part of it—and of an underrating of the dependence even of productive 
advance upon the widespread enjoyment and proper use of adequate leisure 
and an adequate income, 


Norte. 


The argument in the more technical parts of this address, concerned with 
the determination of the length of the working day, may be conveniently 
summarised with the aid of the following figure. In order to avoid the 
complexities arising from the redistribution of labour between the industries 
of a country, suppose that only one industry exists. Measure units of time 
in the working day along O X, and units of money along O Y. Consider 
first the unbroken lines, which represent the influences governing employers. 
The curve P expresses the long-period variations with the length of the 
working day of the marginal value of a fixed quantity of labour: the 
opinion that these can be represented by a curve has been defended in the 
body of this address. If O n hours are worked daily, the daily value of 
labour and the wage will ultimately be O n d a; if O b hours are worked, 
this value and wage rises to Oba; if Oe hours are worked, it falls to 
Oba—bef. The meaning of the curve P will now be plain. The curve is 
supposed to rise in the first instance because increasing the daily hours of 
labour would at first raise the level of efficiency, and if it did not the 
larger wage would. But P must begin to fall at some point, and eventually 
cross O X, as is demonstrated in the body of the address. Actually, of 
course, P could not start at O Y, because a man when engaged for only a 
fraction of his time daily could not live on the proceeds of his work, but it 
has been so drawn in the figures to enable us to picture the value and wage of 
labour by the area between the curve P and the co-ordinates. 

The curve ¢ k represents the immediate variations of the marginal 
value of a fixed quantity of labour with the length of the working day on 
the assumption that the normal working day has been O b. Hence the 
value of the normal product of the last minute of the working day O b is bg. 
Ex hypothesit O b g c must equal O b a. If the working day is lengthened 
to Oe the product will at first be augmented by bekg, but finally by a 
gradual decline it will sink to O b a — be f. 

The influences guiding the operatives are expressed in the dotted lines, 
the meaning of which must now be explained. Draw any vertical line dl 
to the left of b. Then d n is the addition made in the long run to the money 
income of the operative when the O nth increment of time is added to the 
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working day. Let dm be the long-period value to the operative, when his 
income is Onda, of the leisure destroyed by the addition of the O nth 
increment of time to the working day. The curve I is the locus of the 
point m. Evidently, starting at a, it will lie throughout its length below P, 
increasingly departing from P (because leisure is subject to the law of 
diminishing utility and the value of leisure rises with income), and cut 
O X to the left of b. Apart from the satisfaction or dissatisfaction of 
working, therefore, the far-sighted operative who took into account the 
value of leisure would choose a normal day O71, which is less than Ob (the 
choice of far-sighted employers in combination). When the normal day is 
Oi the marginal value of leisure to an operative with a wage Oz ha would 
be 7 h, which equals the long-period marginal earnings attributable to the 
O ith increment of time in the working day. Now, let L indicate the long- 


y! 


period values to the operative of the effects of different lengths of working 
day on the absolute satisfaction or dissatisfaction involved in the labour 
itself, L being otherwise interpreted as I, when units of money are measured 
along OY’ as well as along OY, and the parts of the curve below OX 
indicate the prices which would be paid to escape the dissatisfaction in- 
volved in working, and the parts above O X the money value of the satis- 
faction involved in working. As some of the time devoted to production 
will probably be pleasant to the operative when the length of working day 
is most favourable to his enjoyment of work, we may assume that L need 
not le throughout its length below OX. Then the working day which 
perfectly wise operatives would choose would be On, the point n being such 
that n m = nl, the attainment of which equation is the condition under 
which the operative’s satisfaction is maximised. If, as is theoretically 
conceivable but practically impossible, L lay further above O & for the 
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abscissa O b than I lay below it, the length of day most advantageous to the 
operative would be greater than O b. 

If normal hours are O n, the operative who lives for the day, and is aware 
that more work, measured by results, means proportionally more pay, may 
be expected to desire hours longer than O n for the following reasons. The 
product attributable to the O nth increment of working time is greater than 
dn, since d n represents the gain resulting from the O nth increment of 
working time, less the loss occasioned by the reduction which will ultimately 
take place in the productivity of the operative’s earlier hours in conse- 
quence of the addition of the O nth increment of time to the working day. 
For similar reasons the short-period or immediate value of leisure may be 
less than dm. Again, the money measure of the disutility of the O nth 
increment of working time is less than nl, because nl measures the dis- 
utility of the last fraction of time worked, together with the disutility 
which results from the fact that the Onth increment of working time 
diminishes capacity in earlier hours to enjoy labour or sustain fatigue. It 
is, therefore, practically certain that the operative will experience a balance 
of gain from the working of the O nth unit of time, when wages, the value of 
leisure and the feeling involved in the work, are all taken into account, 
while effects on the gain or loss associated with the rest of the working day 
are ignored ; and, further, it is practically certain that a balance of gain 
will continue to result directly from the work of the O nth unit of time if 
the working day be slightly increased, though this balance might be expected 


‘to contract. Hence we must conclude that operatives who are not alive to the 


reactions of long hours on efficiency and capacity to enjoy life and work will 
tend to choose a longer working day than is wise from their point of view. 
However, to repeat, they will not approve such long hours as employers who 
are equally blind to future reactions, because the latter, if purely self- 
interested, make no allowance for the disutility of labour to the operative or 
the utility to him of leisure. 

In the event of progress in methods of production the new position of P 
would be such that the area enclosed between it and the co-ordinate axes 
would be increased. P in its new position might cut O X at 6, but in all 
probability the new intersection with O X would be to the left of b. It is” 
not likely to fall to the right of b, since improvements in the mechanical 
aids of labour seldom mean that work is rendered less exhausting. Even if 
the new curve P passed through b, the new position of I would practically 
mean its intersection with O X to the left of 7 because of the enhanced value 
of leisure. Further, L, though it might rise higher than before would 
probably descend sooner and at least as steeply. It is to be observed in ad- 
dition that but for interest, rent, and heavy depreciation charges, industrial 
progress would bring about movements of P involving more considerable 
augmentation of the area contained between P and the co-ordinate axes. 
Improved education, apart from its effect on efficiency, would bring about 
a subsidence of the curve I, so that in its new position it would cut O X to 
the left of i. The effect wrought by progress on short-period forces need not 
be worked out in detail. The general conclusion is manifest that progress 
may be expected to be accompanied by a progressive curtailment of the 
working day. 


The following Paper was then read :— 


1. The Influence of the Development of Urban Conditions on Public 
Welfare. By A. H. Sreen-Marrnanp. 
In the introductory paragraph the limitations of the paper were defined. 


In Section II. a short description was given of the structure of a great 
English city of the present day, and the nature of the evalution from a 
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large factory town. In Section III. a more detailed description was given 
of casual labour, and of the industrial features peculiarly characteristic of 
such great cities which have become centres of exchange. Casual labour was 
described as closely connected, on the one hand, with the structural forma- 
tion of the city, and, on the other hand, with certain other industrial 
problems—sweated labour among women and to a less degree with ‘ blind- 
alley’ occupations for boys. A statement was made of the economic loss 
to the community caused by the casual character of such labour, but the 
lack of accurate data was emphasised. Following the description of the 
industrial effects, a résumé was given of certain vital statistics showing the 
effect on public health of town life in general, and of extreme congestion in 
great cities in particular. Mention was made of characteristics which make 
certain illnesses responsible for a peculiarly great economic loss. Among 
such illnesses phthisis is the principal. In connection with the effect on 
public health the varying rates of infant mortality was noticed, as also 
were such data as have been hitherto collected as regards the physicai 
development of children in different surroundings. ‘The section ended with 
a reference to the effects of special features in housing—block dwellings, 
furnished rooms, and the absence of open spaces. 

The object of Sections IV. and V. was to prevent an exaggerated view 
being taken of the situation. In the former the present state of England 
was favourably compared to that on the Continent, so far as vital statistics 
are concerned. Emphasis was also laid on the vast improvement in the 
conditions obtaining sixty years ago. In the latter section the contributory 
influence of other causes of injury was discussed. While complete dis- 
crimination as regards their respective effects is neither possible nor, indeed, 
necessary, some instances were given showing how a remedy applied to one 
of the general nexus of causes may favourably affect the general result. 

In the last section the inferences which can be drawn from the preceding 
questions were summed up, and an analysis was given of the various points 
at which effort should be directed. 


Joint Meeting with Section E and Sub-section K (Agriculture). 


FRIDAY, AUGUST 27, 
The following Papers and Reports were read :-— 


1. The Gold Coinage of British Columbia, 1862. By J. Bonar, LL.D. 


The episode of a gold coinage in British Columbia is of more than local 
importance. The popular accounts of it are not wholly confirmed by the 
official correspondence. The issue of these pieces was one out of several 
expedients thought likely to relieve the inevitable embarrassments of large 
discoveries of gold. They were to be issued by the Assay Office at New 
Westminster. The doubtful experiment was stopped at the outset, not by 
the Home authorities, but by difficulties on the spot. 

Since 1862 the industrial situation has changed; the centre of gold-pro- 
duction is elsewhere; and British Columbia produces much besides gold. 
The political situation has also been altered by the entrance of British 
Columbia into the Confederation in 1871. A gold currency could not be 
provincial. 


2. Small Holdings and Co-operation. By C. R. Fay, M.A., D.Sc. 


The importance of small holdings in England has been growing during 
the last few years, and as the result of the legislation of 1907 there is a 
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definite small holdings movement, welcome to some and unwelcome to others. 
Causes, immediate and distant, may be found for this movement; and 
among the latter sort must be reckoned the trend of international agri- 
culture, especially in North and South America, which has a tendency to 
turn English agriculture into lines not unsuited to small-scale farming. 
Small holders, however, have many difficulties to overcome in the matter 
of capital, technical knowledge, organised marketing and a suitable environ- 
ment. It is suggested in this paper that co-operation is essential to the 
success of small holdings on any considerable scale; and the suggestion 
seems supported by the experience of Western Europe. Continental experi- 
ence also indicates the varying power of co-operation, the comparative ease 
of co-operative purchase and co-operative credit and the serious difficulties 
of co-operative sale. Small holdings will have to justify themselves as a 
business success first and foremost; but if they can do this they can claim 
additional merit as factors in the revival of a sound rural population. 


3. Is Increasing Utility possible ? 
By W. RB. Scorr, M.A., Litt.D., D.Phil. 


When the nature of Utility was first made the subject of a special examina- 
tion by Gossen, Jennings, and Jevons, the conclusions reached were based 
upon Hedonistic assumptions. Professor Marshall, however, in 1893, ex- 
pressly defines ‘ the pleasure’ obtained as the result of action ‘ as every 
good for which a man strives.’ But the entanglement of many economists in 
Hedonistic presuppositions makes it necessary to define the object of desire 
in light of recent philosophical results. A want of clearness on this point 
often leads to confusion, as for instance in the reasoning by which Weiser 
brings the collector of books or pictures under the law of Diminishing 
Utility. 

Desire is, in fact, a practical problem, the solution of which involves satis- 
faction, which is measurable. The progressive attainment of satisfaction 
need not, however, be conceived as necessarily subject to continuous diminu- 
tion. This is not so in some desires, in which case there is Increasing Utility. 
Are there any economic desires to be placed in this class? An analysis of 
the satisfactions obtained by the philatelist in the reconstruction of plates 
of stamps which yield increasing not diminishing Utility. .This result can 
be verified by his Demand Schedule. The difficulty whether any change in 
character or taste is supposed was discussed, also that raised by Marshall 
regarding ‘ a certain special want’ ; the existence of Increasing Utility was 
confirmed by reference to the ‘ Amherst Caxtons,’ and the acquisition of a 
‘ controlling interest ’ in a company. 

Where Increasing Utility exists there is a reference to the conception of 
completeness, and sometimes to a monopoly in consumption. The conditions 
involved are often the reverse of those in Diminishing Utility, where the total 
quantity of a commodity which a person would desire is very small in relation 
to the amount offered for sale. In Increasing Utility, on the contrary, 
the commodities which are grouped together by the idea of completeness, and 
which with other elements form the object of desire, are keenly sought after, 
and exist only in small quantities. 

Tf Increased Utility be admitted the theory of Economics becomes more 
symmetrical, and such admission would have practical results in relation to 
taxation. 


4. Interim Report on the Amount of Gold Coinage in Circulation in 
the United Kingdom.—See Reports, p. 208. 
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5. Interim Report on the Amount and Distribution of Income below 
the Income-tax Exemption Limit. 


MONDAY, AUGUST 30. 
The following Papers were read :— 


1. The Policy of Preferential Duties. By ArncuipaD B. CuarK, M.A. 


The policy of import duties differentiating in favour of trade between 
the different parts of the British Empire as against trade with foreign 
countries, has been advocated partly on economic and partly on political 
grounds. 

The object of this paper was to inquire whether, viewed from 
either standpoint, the policy is in the long run likely to benefit Great 
Britain, the self-governing colonies, or the Empire as a whole. 

Economic Standpoint.—(1) The self-governing colonies are clearly not 
at present prepared to take any serious step in the direction of free trade 
within the Empire. (2) Nor would they be likely to appreciate the 
adoption by the United Kingdom of a policy of all-round protection, 
colonial products merely receiving at British ports preferential treatment 
equivalent to that accorded to British goods at colonial ports. (3) On the 
other hand, any scheme such as that under which the United Kingdom 
is asked to tax imports from foreign countries, and to admit colonial produce 
free of duty as at present—while the colonies continue to tax her produce 
to an extent sufficient to protect their own industries, merely granting a pre- 
ference to British as against foreign goods—is clearly indefensible. 

(a) It is unlikely to increase materially Great Britain’s export trade to 
the colonies. This is shown by considering the nature of the foreign trade 
of the self-governing colonies, and is illustrated by an examination of the 
working of the Canadian preference. 

(b) It would inflict a heavy blow on Great Britain’s export trade to 
foreign countries, compared with which that to the self-governing colonies 
is insignificant. Not only would Great Britain lose the benefit of the 
‘most favoured nation’ treatment, but the taxation of food (which would 
inevitably be followed by the taxation of raw materials also) would, by 
raising its price, raise the cost of production of manufactured goods, and 
would thus handicap Great Britain in neutral markets. Moreover, the 
poorer the family the larger the proportion of the income spent on food, 
and thus the burden of a tax on food would fall most heavily on the poorest. 

Even then, if we concede what is open to question, viz., that the stimulus 
thus given to colonial producers would in the long run enable them to meet 
the demand of Great Britain without any rise in price, still in the interval 
irreparable mischief would be done. If the food-producing colonies have 
any faith in the attainment of this ideal of a self-sufficing Empire, and 
really desire to hasten its advent, an expedient surely less ruinous to the 
Empire as a whole would be found in the granting by them of bounties on 
exports of agricultural produce. 

But from the economic standpoint the whole policy of preferential duties, 
as an ideal, is unsound. It can only be defended as a half-way house, or a 
step in the direction of free trade. A real reduction of protective duties 
in favour of the United Kingdom would no doubt benefit not only the 
Mother Country, but Canada herself. By removing the leading strings of 
protection to some extent, it would so far set free Canada’s productive 
powers to follow their natural channels. But in that case a general 
reduction of duties all round would benefit Canada, and in the long run 
the United Kingdom also, still more. 
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Political Standpoint.—The policy of preferential trading is advocated 
by many, on the ground that the present dependence of the United Kingdom 
on foreign countries for her food supplies constitutes a grave Imperial 
danger, but this dependence is actually in some respects a source of 
strength. It secures to Great Britain friends in need, for the countries that 
supply her wants are bound to her by the tie of mutual interest. The 
United States, for example, would be little likely to stand by and see food 
supplies for Great Britain made ‘ contraband of war.’ It thus appears that 
a self-sufficing Empire is no more attractive asa political than as an 
economic ideal. 

Finally, the policy of preferential trading relations is advocated as 
‘tightening the ties’—reinforcing the existing bonds of sentiment and 
blood relationship by a sense of economic unity, or common material interest 
throughout the Empire. But the policy of Imperial preference, once 
adopted by Great Britain, could not be confined to food stuffs. It must 
inevitably extend and grow till it became an all-round system of high protec- 
tion ; and there is grave reason to doubt whether an Imperial preferential 
tariff could be arranged without bringing into dangerous conflict the diverse 
and often opposing interests of the different States of the Empire. The 
present Canadian preference, as the voluntary gift of a free people, stands 
on quite a different footing. Great Britain’s hold on the colonies is not 
conditional on her adoption of protection. The bonds of Empire are other 
and stronger than those of mere commercial interest. 


2. The Insufficiency of a National Basis for Economic Organisation. 
By Professor Epwin Cannan, M.A., LLD. 


Prevailing opinion assumes that the nation is and must be the unit of 
economic organisation, whether the organisation is based on individualist 
or socialist principles. There is some difficulty in deciding what a nation 
is, but it is generally taken to mean the people of any area with common 
customs-duties. Socialists at the present time usually propose to take 
each of these nations as the society or community which should own the 
means of production. It may easily be shown that this would lead them 
into insuperable difficulties. Either each nation must be self-sufficient 
as regards capital, or borrowing and lending must be established between 
them. The former alternative would delay economic progress enormously 
by preventing the capital accumulated in the old settled areas from being 
applied to the development of ‘the new; the other alternative would 
involve the abandonment of the fundamental socialist tenet of the illegiti- 
macy of interest, and would also end in drastic restrictions on migration 
from the poorer areas into the richer. To the question whether the 
socialist may not reasonably regard national organisation as a forward 
step in the progress towards mundane organisation the answer is in the 
negative. The proposed national organisation, supposing it turned out 
successful inside each nation, would only have the effect of enlarging the 
surplus available for warfare. 

To the individualist the national unit is in reality equally unsatis- 
factory. The socialist can at any rate conceive his nation as a sort of 
family closed from outside intrusion; but this is scarcely possible for an 
individualist who thinks that men should be free to move about and 
acquire property where they will. To him the material welfare of the 
nation can convey no very definite meaning. The struggle which is carried 
on between the different nations cannot be regarded as a beneficent compe- 
tition tending to the good of the whole number, like the competition carried 
on between individuals within a civilised country, since it is anarchic, 
instead of being directed into beneficent channels by institutions and laws 
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established, maintained, and from time to time modified, for that very 
purpose. . 

The conclusion is that practical persons should look forward to mundane 
organisation, and that exponents of economic theory should be much more 
careful than they have been not to confuse economic society with a single 
nation, 


3. Local Taxation in Manitoba. By W. Mananan, Ph.D. 


Although dealing with local taxation, the author thought it might be 
well to note that the revenue of the Dominion for 1908 was 96 million 
dollars, the largest in its history. Of this amount about 58 millions came 
from customs, and nearly 16 millions from excise. The remainder of the 
revenue is derived from a number of miscellaneous items, and cannot be 
termed taxes. 

In the Province of Manitoba for last year the revenue was $2,900,000, 
also the largest in its history. Of this nearly $900,000 is paid by the 
Dominion as annual subsidy and interest on school lands. Telephone 
rentals and sale of provincial lands amount to over $1,000,000. Thus 
there is less than $1,000,000 of the revenue coming from taxation. The 
court fees $45,000, liquor licences $100,000, the corporation and railway 
taxes $190,000, and succession duties $42,000 are practically the only items 
which can be called taxes. 

In the City of Winnipeg for last year there was a direct tax on real 
property of 15 mills on the dollar. This amounted to $1,800,000. This 
is the general municipal and school tax. Besides this $700,000 was 
levied as special assessments for local improvements. For the present 
year land is assessed at its full value, and buildings at two-thirds of 
their value. The value of a building is the value that the land is thereby 
increased. There is also a tax of 62 per cent. of the annual rental value 
of premises used in business or in professions. This is known as the 
business assessment, and amounts for the current year to over $200,000. 
The business assessment does not include those who pay a licence to the City 
for carrying on their business. Licence fees for the past year were $84,000. 
The Electric Railway Company paid $85,000 to the city last year, but 
this is by special agreement made at the time the railway was built. These 
are the only items of taxes in the city’s revenue, which last year was 
$2,500,000. 


TUESDAY, AUGUST 31. 
The following Papers were read :— 
1. Phases of Canadian Labour Conditions. By Avam Suorrv. 


Labour conditions in Canada reflect world movements, but embody 
special features peculiar to Canadian circumstances. Among the special 
features are the great new areas of agricultural land and other natural 
resources, the development of which is only now being undertaken on a 
large scale. Connected with this is the incoming of thousands of new 
settlers and of millions of foreign capital. Labour in Canada is con- 
ditioned also by special features of seasonal employment, changing markets, 
and the highly specialised conditions of new settlements with a limited 
range of employments, and the carrying on of great undertakings such as 
the building of railways, the establishing of hydraulic plants and electric 
generators, and the building of mills of various kinds out in the wilderness 
and away from the normal conditions of life and supplies. 

Individuals, corporations, and governments, national, provincial, and 
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inunicipal, ave freely borrowing foreign capital for investment, o¥ at least 
expenditure, in the country. This capital, together with the native supplies, 
furnishes an immense wage-fund, as well as a fund for supplies, which 
together render Canada an exceptionally good market for labour and 
supplies. The prosperity due to this investment is undisturbed by thoughts 
of future repayment or of interest in the meantime. For some time there 
has been every stimulus to expansion. Increasing wages and profits lead 
to increased prices, and increased prices mean increased cost of living, which, 
in turn, is justification for a further increase in wages and a still further 
increase in prices. 

The expansion of Canadian settlement means the building of thousands 
of miles of railroads through the wilderness, the construction of hundreds 
of towns, and thousands of farm houses, with all that these involve in 
the way of labour and supplhes, the work of transportation, and the 
stimulus to the centres of production in older Canada. So long as foreign 
capital continues to flow in this condition prosperity will accompany its 
expenditure in the country, for the latent resources of Canada are very 
great. It means, however, that Canadian expansion is very largely con- 
ditioned by the financial circumstances of the outside world. 

Assuming the permanency of outside conditions, and regarding only 
the increasing prosperity of the country, as marked by the increase in wages 
and prices, the question arises, Is this prosperity real, or is the greater 
part of it only apparent? How far is the increase in wages neutralised 
by the increase in the cost of living and the increase in prices offset by 
an increase in the cost of production? Also, are there not considerable 
sections of the community who, with little increase in income, have to 
face a large increase in the cost of living? The foundation on which an 
answer to these questions must be sought is the fact that there are but 
two directions in which a community supplying the greater part of its own 
wants may increase its real wealth or elevate the standard of living. One 
is the inducing of Nature to contribute more from her stores per unit 
of persuasive effort; the other is by economising human time and effort 
in working up the products and forces of Nature into articles for the 
supply of wants or the rendering of services. If the benefits from these 
sources are fairly distributed there will be a real increase, not only in 
the community’s wealth, but in the standard of comfort. Under such 
conditions incomes might increase without increasing prices, or prices 
might be lowered without diminishing incomes. Where, however, wages 
and prices both rise in much the same proportion there is little real 
advantage, and what there is is probably drawn from those classes in the 
community who can neither increase their incomes nor prevent others from 
increasing prices and wages. 

A survey of Canadian conditions shows that all three phases of economic 
adjustment are presented. We find in certain cases an increase of natural 
products per unit of labour, and an increase of finished product in propor 
tion to cost in capital, time, and effort. But we find also a purely 
nominal increase in values, as in the reciprocal rise in wages and labour 
wherein one neutralises the other to a very large extent, though the balance 
is not always equally maintained, some gaining while others lose. 

Considerable specific light is thrown on the subject of the real and 
nominal betterment of labour in Canada by a couple of tables of prices 
and wages prepared for this Paper by Mr. R. H. Coates, B.A., of the 
Department of Labour, Ottawa. The table of prices covers such funda- 
mental elements in the cost of living as rent, fuel, and the chief articles 
of food in representative centres throughout the Dominion, and for the 
years 1899 and 1909. The table of wages covers chiefly the building trades 
and phases of unskilled labour in the same centres and for the same years. 
These tables indicate that in the upward struggle between wages and 
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prices the Wage-earners, obviously largely through the aid of their untoiis, 
have been rather more than able to hold their own. Nevertheless, whether 
in virtue of natural conditions or through the control of markets, prices 
have been kept closely in the wake of the upward movement of. wages. 
With prosperous times, based on the conditions already outlined, the 
vendors of both labour and goods have a vital command on their respective 
markets. As a result, an increase in wages has been taken as a good 
reason for an increase in prices, and an increase in prices as a still better 
reason for a rise in wages. But while wages and prices thus pursued each 
other in an ascending spiral, the miscellaneous body of citizens, who have 
no direct access to the industrial and commercial wheel of fortune, have 
stood helplessly by, anxiously watching the ascent of the cost of living. 
Some of them have occasionally managed to secure an increase in income, 
though in a very irregular and uneconomic manner. From the enhanced 
prices paid by the non-competitive classes for their diminished supplies 
there have been chiefly furnished what advantages the wage-earners and 
profit-takers have obtained since they have been unable to exploit each 
other. Among these unfortunate bystanders are such classes as the general 
body of clerical assistants, not directly connected with trade or industry, 
and commonly paid by salary, the general body of public Sficials so far 
as not included in the former class, the non-commercial, professional, or 
semi-professional classes, and also those who are dependent upon pensions, 
annuities, or other fixed incomes. In any case it is evident that, though 
the business of the country has greatly increased, and though speculators 
in real estate and other natural resources and those who are able to conduct 
business on a large scale have been able to make more or less extensive 
fortunes, yet the great apparent improvement in the lot of the wage- 
earner, the small tradesman and producer, and the general non-commercial 
element is far from being so great as it appears on the surface. Indeed, 
their chief advantage lies in the fact that they are receiving steady employ- 
ment, whereas in less prosperous days their employment was more uncertain 
and in consequence their standard of living sometimes lower. 

Referring more closely to Mr. Coates’s tables, we find that, omitting 
some extreme quotations, meat, potatoes, eggs, butter, milk, fuel, and 
house rent have increased in price from 25 to 50 per cent. within, the 
past decade; also that the wages of the trades covered by the table have 
increased from 25 to 60 per cent. On the other hand, the prices of 
groceries have increased but slightly or not at all. When we follow up 
these conditions beyond the range of Mr. Coates’s tables, to include dry 
goods, hardware, lumber, and other raw materials, we find, as a rule, that 
wherever the articles are imported or made up under conditions of manu- 
facture on a large scale, prices have increased very moderately ; whereas 
where the articles involve a considerable element of Canadian labour, not 
under factory organisation, prices have risen very greatly; in fact, the 
prices reflect the increase in the wages of the labour employed on them 
and the profits of the middlemen who handled them. 

The general outcome of this line of investigation is that such essential 
elements in the cost of living as native food products, fuel, housing, clothing 
made to order, and all forms of service very largely owe their increased 
cost to a rise in wages, which the producers and dealers connected with 
them have been able to translate into increased prices. On the other hand, 
the slight increase in groceries and foreign foods would indicate a more 
stable wage scale abroad, while the moderate increase in the price of 
articles produced in Canadian factories working on a large scale indicates 
that the increased wages paid to the employees have been partly offset 
by economies in production and the obtaining of profits on a lower rate 


per unit, but on a larger scale. 
One conclusion from the survey: 1s that there is no real advantage in 
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tlie blind duel between wages and prices. Each seems to be gaining a 
victory, but on both sides it is practically barren, while, as is usual in such 
cases, many non-combatants are suffering innocently and unnecessarily. 

But the issue is not merely a negative one. ‘There is a positive and 
serious disadvantage in this needless raising of wages and prices. We 
cannot expect steady employment and ready sales to continue without 
interruption. In times of continuous employment it may appear of little 
moment whether the wage-earner receives a lower wage which buys cheaper 
goods or a higher wage which buys a like amount of dearer goods. In 
times of slack work, however; high prices for the necessaries of life become 
a serious matter for a wage-earner without wages. In accordance with 
the general practice of trade unions, union labourers will not be inclined 
to accept a reduction in wages even when that might partly save the 
situation; hence the distress from slack employment is likely to be 
augmented by numerous disastrous strikes against a falling market. 
Similarly in the case of manufacturers and general employers, in times 
of depression high prices invite ruin. They stagnate trade on the one 
hand, while on the other they attract competition from without as metal 
draws the lightning. Yet employers, rather than reduce prices, will 
clamour for a higher protective tariff, in order that within its shelter 
they may form combinations to restrict production and save prices as long 
as possible, 

Altogether, these much vaunted symptoms of prosperity, high wages and 
high prices, are quite unnecessary elements of true welfare and business 
success; while in periods of temporary depression or declining trade they 
seriously impede readjustment, and by the disorders they entail may easily 
convert a moderate depression into a severe crisis, demoralising trade and 
credit and resulting in a prolonged stagnation. 


2. Recent Progress in the Uniled Kingdom as shown by Statistics. 
By Professor A. L. Bowery, M.A. 


3. Some Economic Results of Specialist Wheat Production for Hxport. 
By Professor James Mavor. 


The author described the mechatiism of the organisation of agricultural 
industrial and commercial capital by means of which wheat is moved from 
the place of production to the place of consumption, and discussed the 
effect of the process upon the economical situation of the farmer. This 
process greatly increases the velocity of the returii of his agricultural 
capital ; but it involves for him a certain dependence upon the mechanism. 
Thus, it may be an act of wisdom for him in order to recover his inde- 
pendence to engage in mixed farming, or at all events to modify his 
specialisation in order to avoid the risks which specialist production 
necessarily involves. 


4. The Economic Efficiency of the Chinese. 
By N. C. Home, B.A., LL.B. 


The possible importance of the investigation of the economic charac- 
teristics of different peoples, and in particular of the Chinese pedple, was 
discussed. 

The Chinese people is mainly a race of petty farmers, cliaracterised by 
independence of Governmental control and submission to the liead of the 
family. They can develop physical energy on a minimum food supply. 
Their daily lives are influenced by the Confucian rules of coiduét. 
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The Chinese as mechanics show a high average of proficiency, but fail to 
do work of the first class. 

In commerce, trade, and business generally they have a high reputation 
for commercial integrity, but there are limitations within which such 
reputation ought to be accepted. 

They are usually at their worst as officials. 

They fail to appreciate the obligations incidental to the administration 
of trusts. 

The scale of expenditure of the Chinese out of their own country is a 
rising one, and there are reasons sometimes*operating to cause them to 
maintain a minimum scale. 

The objections taken to Chinese immigration, and the arguments in its 
favour, and the problematical nature of the whole question, were referred to. 
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Section G.—ENGINEERING. 


PRESIDENT OF THE SECTION: 
Sir W. H. Wurtz, K.C.B., Sc.D., LL.D., F.B.S. 


THURSDAY, AUGUST 26. 
The following Paper was read :— 


Hydroplanes or Skimmers. By Sir Joun Tuornycrort, F.B.S. 


The President then delivered the following Address :— 


On the present occasion, when the meetings of the British Association for 
the Advancement of Science are held in the heart of this great Dominion, 
it is natural that the proceedings of Section G (Engineering) should be 
largely concerned with the consideration of great engineering enterprises by 
means of which the resources of Canada have been and are being developed 
and the needs of its rapidly increasing population met. It will not be 
inappropriate, therefore, if the Presidential Address is mainly devoted to 
an illustration of the close connection which exists between the work of civil 
engineers and the foundation as well as the development of British Colonies 
and Dominions beyond the seas. 

British colonies and possessions have started from the sea-front and have 
gradually pushed inland. Apart from maritime enterprise, therefore, and 
the possession of shipping, the British Empire could never have heen 
created. An old English toast, once familiar but which has of late years 
unfortunately fallen into comparative desuetude, wished success to ‘ Ships, 
Colonies, and Commerce.’ A great truth lies behind the phrase: these three 
interests are interdependent, and their prosperity means much for both the 
Mother Country and its offspring. As colonies have been multiplied, their 
resources developed, and their populations increased, over-sea commerce 
between them and the Mother Country has been enlarged; greater demands 
have been made upon shipping for the over-sea transport of passengers, 
produce, and manufactures; there has been a growing necessity for free 
and uninterrupted communication between widely scattered portions of the 
Empire, the maintenance of which has depended primarily and still depends 
on the possession of a supreme war-fleet, under whose protection peaceful 
operations of the mercantile marine can proceed in safety, unchecked by 
foreign interference, but ever ready to meet foreign competition. 

Now that our colonies have become the homes of new nations it is as 
true as ever that the maintenance of British supremacy at sea in both the 
mercantile marine and the war-fleet is essential to the continued existence 

1 Published in Engincering. 
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and prosperity of the Empire. The trackless ocean supplies the cheapest 
and most convenient means of transport and intercommunication; con- 
tinuous improvements in shipbuilding and marine engineering have 
bridged distances and given to sea-passages a regularity and certainty 
formerly unknown. It is a literal fact that in the British Empire the ‘seas 
but join the nations they divide.’ Every triumph of engineering draws 
closer the links which bind together its several parts. Greater facilities for 
frequent and rapid interchange of information of what is happening in all 
sections of the Empire and of knowing each other better should lead, and 
has led, to increased sympathy and a fuller realisation of common interest 
in all that affects the well-being of the Empire. Within the last few years 
the events of the Boer War have given remarkable proofs of the practical 
interest of the colonies in Imperial concerns and their readiness to share 
its burdens. The present year will always be remembered as that in which 
generous offers of assistance from the colonies in the task of strengthening 
the Royal Navy at a critical period have led to a conference whose labours 
should produce important practical results and make our future secure. 
Organised co-operation between the Mother Country and the Dominions 
beyond the seas in the maintenance of an Imperial Navy adequate for the 
protection of vital interests is essential to that security ; and, at last, there 
is a prospect that this end will be attained. 

While claiming for the shipbuilder and marine engineer an important 
place in the creation and maintenance of the Empire, it is recognised that 
the work of other branches of civil engineering has been equally important. 
The profession of the civil engineer was described in the Charter granted 
to the parent institution in 1828 as ‘ the art of directing the Great Sources 
of Power in Nature for the use and convenience of man; as the means of 
production and of traffic in states both for internal and external trade, as 
applied in the construction of roads, bridges, aqueducts, canals, river 
navigation, and docks, for internal intercourse and exchange; and in the 
construction of ports, harbours, moles, breakwaters, and lighthouses; and in 
the art of navigation by artificial power for the purposes of commerce; 
and in the construction and adaptation of machinery and in the drainage 
of cities and towns.’ Since this description was penned there have been 
great and unforeseen developments in many directions, including those 
relating to improvements in the use of steam, the generation and practical 
applications of electrical power, the manufacture and extended employment 
of steel. The main ideas expressed eighty years ago, however, still remain 
applicable to the beneficent work of the civil engineer. His skill and 
enterprise, backed by adequate financial provision, are continuously being 
applied to improve and extend means of production, internal and external 
means of communication, inland and over-sea navigation, the use of 
mechanical power and appliances, the acceleration and cheapening of trans- 
port, the development and utilisation of natural resources, and the direction 
of the sources of power in nature for the use and convenience of man. 
One of the chief fields of engineering operations at the present time is to 
be found in the Dominion of Canada, whose governing authorities have 
appreciated the fact that bold enterprise and generous financial provision 
for the execution of great engineering works are essential to the progress 
and prosperity of the country. Its vast extent, its magnificent lakes and 
rivers, its agricultural and mineral riches, its forests, its unrivalled water 
power, and many other potential sources of future wealth and progress 
furnish exceptional incentives and opportunities to the engineer. From 
an early period in the history of Canada this fact has been realised, and 
attempts have been made to utilise natural advantages; while the same 
policy has been energetically adopted since the Dominion was established 
forty-two years ago. It is impossible in this Address even to enumerate 
the great engineering works which have been accomplished or are in process 


PRESIDENTIAL ADDRESS. 565 


of execution; and it might be thought impertinent if the atieinpt were 
made by one who has only an outside knowledge of the facts. On the other 
hand, it may be of interest to illustrate by means of Canadiafi examples 
the truth of the general statement that civil engineering has exercised and 
must continue to exercise great influence upon the well-being and develop- 
ment of the British Empire. 

By the kindness of the High Commissioner of Canada, Lord Strathcona 
—who has himself done so much for the development of the Dominion, 
including a great part in the construction of the Canadian Pacific Railway 
—the writer has been favoured with official reports and statistics bearing 
on the subject. These have been freely used in the statement which follows. 

The subject is so extensive and the time available for this Address so 
short that it will be necessary to omit detailed reference to important 
applications of engineering which are necessarily made, under modern con- 
ditions, in all great centres of population. Amongst these may be men- 
tioned building construction, sanitation, water supply, heating, lighting, 
telegraphy, telephony, tramways, electric generating stations and their 
plant, and gas manufacture. No attempt will be made to deal with the 
important assistance given by engineers to the operations of agriculture, 
mining, and manufacture, or to the utilisation of the splendid forests of the 
Dominion: although the demands for machinery and mechanical power is 
in these respects exceptionally great, owing to the sparseness of the popula- 
tion and the magnitude of the work to be done. Notwithstanding the large 
immigration and rapid increase of population, these demands will certainly 
continue and will probably become greater as the area under cultivation 
is increased, as manufactures are developed, and the natural resources of the 
country more largely utilised. The example of the United States places this 
anticipation beyond doubt, and demonstrates the great part which the 
engineer must continue to play in the development of Canada. 

Even when the limitations described have been imposed upon the scope 
of this Address the field to be traversed is #wide one; and without further 
preface an endeavour will be made to describe a few of the most important 
services which the engineer has already rendered to the Dominion and will 
render in the immediate future. 


Railways. 

It has well been said that the great problem of to-day in Canada is that 
of providing ample and cheap transport for her agricultural, mineral, and 
forest products from the interior to the sea, and so to the markets of the 
world. Important as inland navigation may be as an aid to this enter- 
prise, it cannot possibly compare with railway development in actual and 
potential results. Apart from that development the one united Dominion 
must have remained a dream; thanks to the rapid and efficient inter- 
communication furnished by railways, widely scattered provinces are knit 
together in friendly and helpful union, literally by ‘ bonds of steel’ which 
stretch from the Atlantic to the Pacific, and reach farther and farther 
north each year. Regions which would eotherwise have remained inac- 
cessible and unproductive have been turned into new provinces, whose fer- 
tility and future development it is not easy to forecast, and practically 
impossible to exaggerate. 

In this department successive administrations (both Federal and pro- 
vincial) have realised the facts and possibilities of the position, and have 
given substantial assistance to private enterprise in the execution of great 
engineering works. Progress in railway development has been remarkable 
since Federation was accomplished forty-two years ago. During the pre- 
ceding thirty years the total railway mileage in operation had been raised 
to 2,278 miles ; in 1887 it was 12,184 miles ; in 1897, 16,550 miles ; in 1907, 
22,452 miles. The number of miles of railway actually under construction in 


566 TRANSACTIONS OF SECTION G. 


1907 was officially estimated at 3,000, exclusive of lines projected but not yet 
under contract. In 1906, when the lines in operation were 21,353, it was 
estimated by competent authorities that the railways under construction, 
and projects for extensions likely to be carried into effect in the immediate 
future, reached a total of at least 10,000 miles, while probable further 
ex:tensions of about 3,500 miles were under consideration. Further, it was 
estimated that the capital expenditure required to complete these schemes 
would be about 60 millions sterling. These figures may need amendment, 
but there are others representing ascertained facts which equally well 
illustrate the magnitude of the railway interests of the Dominion.1 The 
total capital invested in Canadian railways in 1907 was officially reported 
to be about 234,390,0001.; the aid given to railways up to that date by 
Dominion and Provincial Governments, and by municipalities, consider- 
ably exceeded 36,000,000/. sterling in money; the land grants from the 
Dominion Government approached 32 million acres, while the Provincial 
Governments of Quebec, British Columbia, New Brunswick, and Nova 
Scotia had granted about 204 million acres. The Governments have also 
guaranteed the bonds of railway companies to the extent of many millions 
of dollars. The capitalisation per mile of railway lines owned by the 
Governments (amounting to 1,890 miles) is reported as being 11,4001. ; this 
is practically the same amount as that for Indian railways, that for the 
United States being 13,600/., and for New South Wales and Victoria about 
12,600]. For British railways the figure given is 54,7001. per mile. The 
freight carried by Canadian railways in 1907 amounted to nearly 
63,900,000 tons (of 2,000 lb.), which included about 14,000,000 tons of 
coal and coke, nearly 4,500,000 tons of ores and minerals, 10,250,000 tons 
oi lumber and other forest products, nearly 7,900,000 tons of manufactures, 
and 2,309,000 tons of merchandise. In 1875, when 4,800 miles of railway 
were in operation, the corresponding freight-tonnage was 5,670,000 tons ; 
so that while the length of railway increased nearly 4.7 times, the tonnage 
increased nearly 11.3 times. During the same period passengers increased 
from 5,190,000 to 52,157,000. For twenty-eight railways making returns 
the average revenue per passenger per mile was 2.232 cents, and for the 
four principal railways was 2.07 cents. For freight fifty-nine railways 
showed an average rate of 2.428 cents per ton-mile ; and for the five princi- 
pal railways it was .702 cent per ton-mile. The average distance travelled 
by a passenger was 64 miles, the corresponding figure for the United States 
being 30.3 miles. The average distance a ton of freight was hauled was 
185 miles, as against 132 miles for the United States. In Canada, as the 
official reporter remarks, there is a small amount of suburban railway 
traffic and a low density of population. The following table is taken from 
the official Canadian Railway Statistics for 1907 :— 


For each mile of Railway. 

. Square miles 

Population, of Territory. 
United States ° ° : 381 13.61 
United Kingdom . : 5 : 1,821 5.29 
France . é is ' - ‘ 1,590 8.46 
New South Wales. ? ; ; 686 146.09 
New Zealand . i 5 - r 368 43.42 
Victoria - * F . c i 360 25.89 
India , ‘ 5 ; ‘ 5 10,119 61.09 
Canada . ~ f : ° h 289 161.8 


1 Most of these statistics are taken from the valuable Report for 1907, pre- 
sented to the Minister of Railways and Canals by Mr. Butler, Deputy Minister 
and Chief Engineer of the Department. 
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Canada has therefore the highest mileage measured against population, 
and the lowest against territory. 

The earliest great railway system of Canada, the Grand Trunk, had 
its beginnings in 1845; in 1907 it was working about 3,600 miles within 
the Dominion. In association with the Government it is now engaged on 
the construction of the Grand Trunk Pacific Line, which will cross the 
Continent wholly in Canadian territory, and have a length of 3,600 miles, 
exclusive of branches. 

The story of the Canadian Pacific Railway is well known, and need not 
be repeated ; the influence which its existence and working have had upon 
the prosperity of the Dominion has been enormous and beneficial since its 
opening in 1885, and experience of its effect has led to the promotion of 
other Trans-Continental lines. In June 1907 the total length in operation 
was nearly 9,000 miles, and the company owned in addition great lines of 
steamships employed on Atlantic and Pacific services. 

The Canadian Northern Railway system represents one of the most 
striking examples of recent railway development in the Dominion. In 
1907 it was working nearly 2,600 miles in the North-Western provinces, 
about 150 miles in Ontario, 500 miles in the Province of Quebec, and 
439 miles in Nova Scotia and Cape Breton, making a total of nearly 
3,700 miles. In 1908 its mileage on the main system was reported to have 
increased to nearly 3,400 miles, and the total length in operation had 
become 4,800 miles. The North-Western Provinces have given substantial 
assistance to this great system, and its promoters are said to aim at a com- 
plete Trans-Continental route, as well as the development of railway com- 
munication to Hudson’s Bay and the establishment of a line of steamships 
therefrom to Great Britain. 

Besides these three great railway organisations, which in 1907 con- 
trolled about 75 per cent. of the mileage in operation, there are a large 
number of smaller companies, making up a total of about 80. Their 
total earnings in 1907 amounted to 29,350,000/., the total working expenses 
being 20,750,0001. Earnings from freight service were (in round figures) 
19,000,000/. ; from passenger service 7,837,000l.; from express services 
655,0007.; from mails 325,000/., the balance coming from miscellaneous 
items. The total number of persons employed by the railways was 124,000 ; 
their salaries and wages amounted to 11,750,000/. It was officially esti- 
mated that if to the railway employés were added persons employed in 
factories for rolling stock and railway materials, as well as those engaged 
in the casual service and shipping, with an allowance for their families, 
‘quite 25 per cent. of the population win their daily bread from the carry- 
ing trade’ of the Dominion. 

The equipment of the Canadian railways in 1907 included 3,504 loco- 
motives, 3,642 passenger cars, and 113,514 freight cars. In the opinion 
of the official reporter on railway statistics, based chiefly on a comparison 
of the proportion of rolling stock to mileage in Canada and the United 
States, a considerable increase of rolling stock is required, and there is a 
possibility of greater efficiency being obtained in the utilisation of existing 
freight cars. The manufacturing resources of the Dominion are declared 
to be fully capable of meeting all requirements, as in 1907 they produced 
227 locomotives, 397 passenger cars, and 13,350 freight cars. A reduction 
of grades and curvatures has been carried out on the principal railways 
in recent years, and this has permitted the hauling of heavier loads. It is 
estimated that in 1907 the average earnings per ton of freight hauled were 
$1.472, and the average earnings per passenger carried were $1.219. The 
earnings per train mile were $1.953, and the working expenses $1.381. 
The total earnings per mile of railway were $6,535.64, and the working 
expenses were $4,620.9, The working expenses were divided as follows in 
the official report ;— 
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Maintenance of way and structures. , 20.13 per cent. 


* equipment . ; p . . 20.88 a 
Conducting transportation . - : : . 55.25 
General expenses . - : 


” 
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Allowing two cords of wood fuel to be equal to one ton, 5,609,000 tons of 
fuel—of which 5,578,000 tons were coal—were consumed by Canadian 
railway locomotives in 1907 in running 100,155,000 miles. The total cost 
was about 3,027,5001., equal to 14.59 per cent. of the working expenses. 
From this brief summary of facts some idea may be gained of the rapid 
development of Canadian railways, their immense capital value and traffic, 
and the remarkable influence they have had upon the progress and popula- 
tion of the Dominion. It is a matter for satisfaction that British capital 
and engineering skill have, contributed in no small measure to produce this 


development, and it may be hoped that in the future they may render even 
greater service. 


Inland Navigation. 


The most important system of inland navigation which Canada possesses 
is primarily due to the existence of the Great Lakes and the St. Lawrence 
River ; but the utilisation of these natural advantages and the construction 
of a continuous navigable channel from the sea to the head of Lake Superior 
is due to the work of engineers. The importance of such a navigable water- 
way leading to the heart of the Dominion was recognised long ago by the 
Government. The first canal is said to have been opened in 1821, and from 
that time onwards the canal system has been developed, but the greatest pro- 
gress has been made during the last forty years under successive Administra- 
tions. Up to March 31, 1907, the capital expenditure on Canadian canals, 
exclusive of outlay by the Imperial Government, has approached 18,350,000/. 
sterling, of which more than ten millions have been spent on enlargements. 
Besides minor canal systems, many of which are important, a great ‘ trunk 
system’ of water-transit has been created from Montreal to Port Arthur, at 
the head of Lake Superior, this all-water route being nearly 1,300 miles in 
length, having a minimum depth of water of 14 feet and effecting a 
total vertical rise of about 600 feet from tidal water in the St. 
Lawrence to Lake Superior. In order to effect this rise forty-nine locks 
are provided, most of which are 270 feet long and 45 feet wide, enabling 
vessels 255 feet long to be accommodated. Out of the total length of more 
than 1,200 miles only 734 miles consist of artificial channels. The Welland 
Canal, connecting Lakes Erie and Ontario—with a total rise from lake to 
lake of 327 feet, effected in twenty-five locks—is 263 miles long. This canal 
dates from 1824; its enlargement to present dimensions was begun in 1872, 
and occupied fifteen years ; the total expenditure on the canal has been nearly 
five and a-half millions sterling. Another important section of the waterway 
is the Sault Ste. Marie Canal—about 6,000 feet in length and from 142 to 
150 feet wide between the pier-ends, with a lock 900 feet long, 60 feet wide, 
having 20; feet of water over the sills. The difference of level between Lakes 
Superior and Huron is 18 feet. Commenced in 1888, the Sault Ste. 
Marie Canal was opened for traffic in 1895, the cost being about 930,0001. 
Like its predecessor on the United States side of St. Mary’s River—the so- 
called ‘Soo’ Canal affords free passage for the ships of both countries. In 
1898 about two and three-quarter millions represented the tonnage of vessels 
passing through the Canadian Canal, and of this total about 403,000 tons 
was in Canadian vessels. In 1907 the total tonnage had risen to 12,176,000 
tons, of which 2,288,000 was in Canadian vessels. The Soulanges Canal is 
fourteen miles long, with a rise of 84 feet effected in four locks. Commenced 
in 1892, it was opened for traffic in 1899, and cost nearly 1,400,000/. The 
Lachine Canal was commenced in 1821, enlarged in 1843 and 1873, and, aa 
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completed in 1901, is 85 miles long, has 45 feet rise, effected in five locks, and 
has cost from first to last about 2,300,000I. 

In the construction of this great waterway many difficult engineering 
problems have been solved, and every modern improvement has been intro- 
duced ; electricity has been utilised in its equipment, both for power and 
lighting, so that navigation can proceed by night as well as by day. For 
the years 1903-7 the canals were declared free of tolls; but it is estimated 
officially that if tolls on the ordinary scale had been collected the revenue for 
1907 would have exceeded 91,000/. In these five years the water-borne traffic 
of the Dominion increased from 9,204,000 tons in 1903 to 20,544,000 tons in 
1907 ; in the same period the increase in Canadian railway traflic was from 
47,373,000 tons to 63,866,000 tons. The official reporter justly remarks that 
‘ these results are exceedingly encouraging.’ 

It was recognised long ago that the utilisation of the waterways of Canada 
from the Great Lakes to the sea would yield considerable advantages by 
facilitating cheap transport of agricultural products of the fertile regions 
from the great North-West, but the Canadian portions of that territory were 
then regarded as ‘a great lone land.’ Subsequent developments of the corn- 
growing regions of Canada have emphasised the value of the water route and 
its great potentialities. In his ‘ History of Merchant Shipping’ (pub- 
lished 1876) Lindsay dwelt upon this point, and foresaw that if the water- 
ways of Canada were made continuously navigable a struggle for supremacy 
in over-sea trade must arise between New York and the Canadian ports of 
Montreal and Quebec. This struggle is now in full force, so far as the grain 
trade is concerned, and it is likely to grow keener. The quantity of grain 
passed down the whole length of the St. Lawrence navigation to Montreal 
increased from about 450,000 tons in 1906 to 685,000 tons in 1907, while the 
quantity carried to Montreal by the Canadian Pacific Railway was about 
387,000 tons for 1906 and 384,000 tons for 1907. On the other hand, the 
quantity carried by canals in the United States to New York fell from 
294,500 tons in 1906 to 230,800 tons in 1907. 

An important addition to the Canadian canal system has been proposed, 
and its execution will probably be undertaken when great works now in pro- 
gress have been completed. This route extends from Georgian Bay on Lake 
Huron to the St. Lawrence, and would utilise Lake Nipissing as well as 
the French and Ottawa rivers. The distance to be traversed would be 
450 miles less than that of the present all-water route. On the basis 
of careful surveys it has been estimated that a canal having 20 feet 
depth of water could be constructed at a cost of twelve millions sterling, 
upon which capital a reasonable dividend could be paid, even if the charges 
made for transport were one-third less than the lowest rates of freight pos- 
sible on United States routes to New York. It would, of course, be most 
advantageous to have the available depth of water increased from 14 to 
20 feet, thus making possible the employment of larger and deeper draught 
vessels between the Lakes and Montreal. Considerable economies in the 
ratio of working expenses to freight earnings would be effected, break of bulk 
in transit to the sea would be avoided, and the cost of transport greatly 
reduced. 

The magnitude of the grain trade and its growth may be illustrated by 
the following figures for recent years:—In 1897 the grain cargoes passed 
down the Welland Canal to the ports of Kingston and Prescott numbered 
377 and represented 515,000 tons; for 1907 the corresponding figures were 
518 cargoes, weighing 841,000 tons. As to the elevators and mechanical 
appliances for handling economically these huge quantities of grain, nothing 
can be said here, although they involve the solution of many difficult en- 
gineering problems and have been greatly simplified and improved as expe- 
rience has been gained. 

The bulk of the canal traffic, of course, moves eastwards and outwards from 
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the interior provinces. For example, of the total quantity of freight 
(1,604,321 tons) passed through the whole length of the Welland Canal in 
1907 about 75 per cent. moved eastwards, and more than 62 per cent. of the 
2,100,000 tons which passed through the St. Lawrence canals moved in the 
same direction. 

Shipping on the Great Lakes. 

Canadian shipping and shipbuilding on the Lakes have made con- 
siderable progress in recent years, although they do not rival those of the 
United States. According to authoritative statements there were not twenty 
Canadian steamers engaged in the transport of grain fifteen years ago; 
only three of these were steel-built, and the largest carried only 90,000 
bushels. The total carrying capacity of Canadian grain-carriers at the 
present time has been estimated at ten million bushels, and the capital 
invested in the fleet is said to be about three millions sterling. Between the 
harvest and the close of navigation in winter it is estimated that no less 
than sixty million bushels of grain can be moved from port to port in 
Canadian steamers. 

Many special engineering features have been introduced into the struc- 
tures and equipment of these Lake grain-carriers. They are really huge 
steel barges of full form, of uniform cross-section for a considerable portion 
of their length; and they possess enormous cargo capacity, moderate engine 
power and speed, with structures of a simple nature which can be largely 
standardised and made to resemble bridge-construction rather than ordinary 
shipbuilding. They can be built in a short time, the largest vessels occupy- 
ing about four months in construction. In this way the cost of construction 
is cheapened, but the rates for labour and materials prevailing in the Lake 
shipyards are so high relatively to British costs that at present these grain- 
carriers are said to cost about 40 per cent. more (per ton dead weight 
carried) than the cost of ordinary ‘tramp’ steamers built in Great Britain. 
Their holds and hatchways are arranged so as to facilitate the rapid ship- 
ment and discharge of cargoes. At their ports of call special mechanical 
appliances are provided for dealing with cargoes, most of which consist of 
grain, ore, or coal. 

In the design and construction of these cargo-handling appliances the 
mechanical engincer has displayed great ingenuity, and the results obtained 
in rate of shipment and discharge of cargoes of grain, ore, and coal are 
remarkable. Cases are on record where vessels carrying 7,000 tons dead 
weight have been loaded in four hours and discharged in ten hours; more 
-than 5,000 tons of ore have been discharged in about four hours. The 
draught of water of the steamers must be kept within moderate limits and 
the breadths of the locks are moderate, so that increase in carrying power 
must be chiefly obtained by increase in length ; consequently, as individual 
cargoes are increased, a greater number of lifting appliances can be brought 
to bear simultaneously, and the rate of loading or discharge can be main- 
tained or accelerated. 

The season of navigation extends over only seven or eight months in the 
year ; consequently, ‘quick despatch’ is essential to success. A large vessel 
of this class has the following approximate dimensions :—Length about 600 
feet; breadth, 58 to 60 feet; depth, 32 feet; draught of water, 19 to 193 feet 
when carrying 10,000 to 11,000 tons of cargo; corresponding displacement, 
16,000 tons. The engines of such a ship develop about 2,000 horse-power, 
and drive her at eleven to twelve statute miles per hour in fair weather. 
The large size and moderate speed result in very economical conditions of 
working, and the freight rates are exceedingly low. From official returns 
it appears that for these dead-weight cargoes the freight across the Lakes is 
from ‘04 to ‘05 of a penny per ton mile, the corresponding railway rate 
being about ten times that amount. The multiplication of this type of 
vessel on the great Lakes is a proof that it satisfactorily fulfils the con- 
ditions of service, Similar vessels would not be well adapted for ocean wark, 
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which demands greater structural strength, different proportiotis, and a 
more liberal equipment; but shipbuilders generally may benefit from a 
study of the Lake steamers. 

The greater portion of the traffic on the Lakes passes through the ‘ Soo’ 
canals. The yoyages are comparatively short, the average length of the 
trip being about 840 miles. Consequently, individual vessels make several 
passages during the season when navigation is open, and the total number 
of passages as well as the total aggregate tonnage of the ships reaches very 
high figures. In the season of 1907, for example, when the canals were 
open less than 240 days, 20,440 vessels (counting as a vessel each passage), 
with an aggregate registered tonnage exceeding 44 million tons, passed 
through the United States and Canadian canals at the foo. The aggre- 
gate freight tonnage carried exceeded 58 million tons; the weight of coal 
approached 114 million tons; the iron ore carried weighed 39,600,000 tons ; 
and the grain transported amounted to 136 million bushels. The con- 
ditions of the Suez Canal are, of course, entirely different, as vessels passing 
through are engaged on long voyages, and individual ships make few 
passages in the year. On the other hand, Suez Canal traffic proceeds un- 
interruptedly throughout the year, while the Soo canals are closed during 
the winter months. Subject to these differences in working conditions, it 
may be of interest to state that in 1907 4,267 vessels of 14,728,000 tons 
passed through the Suez Canal and paid transit dues which amounted to 
4,460,0001. ; whereas the passage of the ‘Soo’ canals was free. 


The St. Lawrence Ship Channel. 


Closely allied with the waterway from Montreal to Lake Superior is the 
improvement of the channel of the St. Lawrence from Montreal to Quebec 
and beyond towards tue sea. From the Straits of Belleisle to Montreal the 
distance is 986 miles ; from Quebec to Montreal it is 160 miles. Formerly 
the minimum depth of water between Quebec and Montreal prevented the 
passage of vessels drawing more than 10 to 12 feet during the greater part 
of the season of navigation. In 1826 the question of deepening the river 
channel was raised ; in 1844 the work was begun, but was abandoned three 
years later; in 1851 it was resumed, and has since been continued. In 
1869 the minimum depth of the channel at low water was increased to 
20 feet, in 1882 it was 25 feet ; in 1888 274 feet for 108 miles from Montreal 
to a point within tidal influence. A channel having a minimum width of 
450 feet, and 550 to 750 feet wide at the bends, with a minimum depth of 
30 feet was completed in 1906 from Montreal to tide water at Batiscan. 
Certain work remains to be done between this point and Quebec in order 
to complete the project adopted in 1889 and amended in 1906, but it is 
anticipated this will be finished in about four years. Below Quebec the 

- channel is 1,000 feet wide. When once dredged it is stated that the channel 
remains permanent. Accidents in the channel are few. The Superintend- 
ing Engineer in his report of July 1908 indicates the magnitude of the 
work done by comparisons with the Suez and Panama Canals, the figures 
standing as follow :— 


hosted | Tenet | ‘eo Mefirragn Bread | sseaation. | 
Siez.Canal 7 5 - . : 100 29% ae 100 (bottom) | — 
Panama Canal .| 49 ath. tee cman) || 80,000,000 , 
St. Lawrence Channel . 220! ’ 30 | { ak apart | 70,000,000 


1 Length of channel requiring improvement demands dredging and excavation 
* over a length of about 70 miles. 
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In 1844 the largest vessels navigating the St. Lawrence to Montreal 
were of 500 tons; now the Virginian and Victorian of the Allan Line 
(12,000 tons), and the Laurentic and Megantic of the White Star Line 
(15,000 tons), proceed to that port, and have made the passage from 
Quebec in less than ten hours. Ordinarily this passage occupies from eleven 
to twelve hours, the return passage being made in nine to ten hours. 

In the execution of these great works a specially designed dredging 
plant, including several types, has been employed, and works about seven 
months in the year; and the rock dredging and blasting in the section 
below Quebec has involved great difficulty. The total amount of rock to 
be removed amounted to 1,700,000 cubic yards, extending over nearly three 
miles, and the whole bottom was covered with huge boulders, some of which 
were 30 to 40 tons in weight. These great masses had to be lifted before 
blasting and dredging was done. During the fiscal year 1907-8 the expendi- 
ture on dredging plant and dredging was nearly 132,000/., and 4,832,000 
cubic yards of material were removed. At the close of that year 56 millions 
of cubic yards out. of the estimated total of 70 millions had been dredged ; 
the length completed to 30 feet minimum depth was 59 miles out of 70 miles. 
These facts indicate the advanced condition of the undertaking and the 
prospect of its completion at an early date. 

In order to secure the safe and continuous navigation of this channel 
by night as well as by day, under all conditions of weather, during the 
season when the river is open, every precaution and aid which engineering 
skill and invention can provide has been laid under contribution. A 
marine signal service, with telephonic equipment has been provided ; sub- 
marine bells have been established for use in foggy weather; a complete 
system of buoys and lighting has been installed; the channel is periodi- 
cally examined and swept to ensure that there are no obstructions; the 
question of prolongation of the season for navigation by the use of ice- 
breakers is being studied. The harbour of Montreal has been greatly 
improved in accommodation and equipment; and the aggregate tonnage as 
well as the average size of sea-going vessels using the port have been much 
increased. In 1898, 868 such vessels aggregating 1,584,000 tons arrived at 
Montreal ; in 1907, 742 vessels aggregating 1,926,000 tons arrived. Of the 
latter, 522 vessels aggregating 1,525,000 tons were British. At the St. 
Charles Docks and Wharves, Quebec, in the season of 1907, 235 vessels of 
1,009,000 tons were entered inwards, and 67 vessels of 249,000 tons outwards, 
the first outward steamer leaving on April 7, and the first ocean steamer 
arriving on April 26. The last arrival from the sea was on December 9, 
and the ice formed in the tidal basin on December 12. 

Still further improvements of the St. Lawrence navigation are now 
proposed, and the work was commenced in 1907. It is intended to increase 
the depth of the channel to a minimum of 35 feet from the sea to Montreal, 
and the Superintending Engineer reported in 1908 that with certain 
moderate additions to the dredging and steam plant this work could be 
completed in six seasons. The widths and curves of the existing channel 
will not require any important changes, as they were designed from the 
first for the largest classes of steamships. When this increased depth has 
been obtained Montreal as a port will have an approach channel compar- 
ing favourably with that of other ports available for Transatlantic traffic. 
At Southampton the existing depth at low water in the approach channel 
is about 32 feet, and it is proposed to obtain 34 feet. At Liverpool the mini- 
mum depth at low water over the bar and in the approach channel in the 
Mersey is about 28 feet. The Ambrose Channel leading to New York is to 
have 40 feet depth at low water when the works are completed. Ample depth 
of water is of the first importance in the economical working of the largest 
and swiftest ships, and the Canadian Government has been well-advised in 
deciding to carry out the great scheme above described. 
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Water-power. 


Canada has unrivalled resources in water-power, and its extent and pos- 
sible utilisation have been made the subject of investigation by engineers for 
many years past. One of the most important memoirs on the subject was 
presented to the Royal Society of Canada, in his Presidential Address of 1899, 
by Mr. Keefer, C.M.G. In recent times many other engineers have studied 
the subject and carried out important works. Exact knowledge of the total 
power represented by the water-falls and rapids of the Dominion is not 
available, nor can any close estimate be made of the power which may be em- 
ployed hereafter in factories, mills, or industrial processes, because profitable 
employment obviously depends upon commercial considerations, which must 
be governed largely by the localities in which water-power may be found, and 
the cost of works and of transmission of energy to places where it can be 
utilised. It has been estimated that on the line from Lake Superior through 
the chain of lakes and rivers leading to Niagara and thence through the St. 
Lawrence to the sea eleven millions horse-power may be developed.+ Mr. 
Langelier has estimated that in the Province of Quebec the water-power 
aggregates more than eighteen millions horse-power ; other provinces all 
possess large resources of the same kind as yet untouched. The most striking 
example of the utilisation of water-power is that on the Niagara River, which 
I had the good fortune to visit in 1904 during my Presidency of the 
Institution of Civil Engineers; the works on the Canadian side were then 
in full progress, and at a stage which enabled one to realise completely their 
great difficulty and immense scale. The three companies whose works are 
near the Falls on the Canadian side have provided for a total ultimate de- 
velopment of over 400,000 horse-power, and a fourth establishment lower 
down the river, intended chiefly for the use of Hamilton, is to develop 40,000 
horse-power. In the construction of the works, in the electric generating 
plant, the arrangements for transmitting power over long distances, and other 
features of importance remarkable engineering skill and daring have been 
displayed. American capital and enterprise have had much to do with these 
undertakings, as they have with many other important Canadian enterprises ; 
but it may be hoped that British capital will keep its lead and be freely 
employed in the development and utilisation of all the resources of the 
Dominion, including that magnificent asset its water-power. The applica- 
tions of water-power are already very numerous, including not merely the 
creation of electrical energy and its use for lighting and power in towns and 
factories situated at considerable distances from the Falls, but for manufac- 
tures and industrial processes carried on near the Falls. Amongst these 
manufactures, that of aluminium and carbide of calcium may be mentioned, 
while paper- and pulp-mills and saw-mills constitute important industries. 
Great advances have been made in the transmission of electrical power over 
long distances, and very high pressures are being used. Electric traction on 
railways and tramways also derives its power from the same sources, and is 
being rapidly developed. In 1901 there were 553 miles of electric railways, 
and in 1907 815 miles. 


Over-sea Trade and Transport. 


It was remarked at the outset that a great truth is embodied in the 
old toast of ‘Ships, Colonies, and Commerce,’ and the efficient and econo- 
mical transport of passengers, produce, and manufactured goods between the 
Dominions beyond the Seas and the Mother Country is essential both for the 
development of Colonial resources and for the continued prosperity of the 
United Kingdom. The British mercantile marine commands the larger 


* Ths Times Financial Supplement, April 2, 1906, contains a valuable article 
on this subject, from which many of the above figures are taken. 
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portion of the carrying trade of the world; its earnings constitute a valu- 
able item in the national income; it forms one of the strongest bonds of 
union between the various parts of the Empire. This general statement 
may be illustrated by reference to the over-sea trade of Canada and to the 
shipping engaged therein. 

The total value of the Imports and Exports of the Dominion in 1898 
was close upon 61 millions sterling ; in 1908 it exceeded 130 millions sterling, 
having more than doubled within ten years. During the year ending 
March 31, 1908, the vessels which were entered at Canadian ports (inwards 
from the sea) carrying cargoes were classified as follows in the official 


returns :— 


| Freight carried, 
Ships, Tons register. mane mae Crews, 
weight, measurement. | 
British . 2,603 4,539,256 | 1,306,822 254,373 165,078 
Canadian. 2,803 | 718,490 | 202,939 1,449,054 44,594 
Foreign .2,878 | 1,758,549 887,154 36,618 86,293 
Totals . 8,284 7,016,295 | 2,396,015 1,740,045 295,965 


The corresponding figures for ships entered outwards for sea carrying 
cargoes were :— 


Freight carried. 
Ships. Tons register. | Meus / Pana Crews. 
| weight. | measurement, 
British . 2,533 4,258,960 | 2,706,334 | 714,085 136,614 
Canadian . 3,557 1,041,053 616,248 | 291,480 45,658 
Foreign , 4,132 2,211,605 / 1,454,787 | 538,499 88,093 
Totals . 10,222 7,511,618 | 4,777,369 | 1,544,064 270,365 


Taking the combined over-sea traffic inwards and outwards, it employed 
18,506 ships of 14,528,000 tons, whose cargoes aggregated 7,174,000 tons 
dead-weight and 3,284,000 measurement tons, the crews exceeding 576,000 
officers and men. 

Of the 2,603 British ships entered inwards there came from Great 
Britain 852 ships of 3,392,000 tons, carrying as cargoes over 860,000 tons 
dead-weight and 153,600 tons measurement; while there came from British 
Colonies 399 ships of nearly 381,000 tons, carrying cargoes of 236,000 tons 
dead-weight and 44,000 tons measurement. Of the 2,533 British ships 
entered outwards there proceeded to Great Britain 732 ships of 2,529,000 
tons, carrying cargoes of 1,635,000 tons dead-weight and 509,000 tons 
measurement; while there sailed for British Colonies 648 ships of nearly 
400,000 tons, carrying cargoes of 259,000 tons dead-weight and 76,500 tons 
measurement. 

It will be seen, therefore, that the British ships entered inwards carried 
more than 54 per cent. of the total dead-weight cargoes and 144 per cent. 
of the measurement goods, while foreign ships carried about 37 per cent. 
of the dead-weight and rather more than 2 per cent. of the measurement 
goods. British ships entered gutwards carried more than 56 per cent. of 
the total dead-weight, and more than 46 per cent. of the measurement; 
whereas foreign ships carried only about 30 per cent. of the dead aeiphh, 
and not quite 35 per cent. of the measurement, Sa 
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The trade from and to ports in the British Empire amounted to 45 per 
cent. of the grand total dead-weight freight ; and ships carrying the British 
flag—excluding Canadian vessels—carried about 56 per cent. of the grand 
total dead-weight and nearly 30 per cent. of the measurement goods. In- 
cluding Canadian vessels, the British Empire can claim possession of 674 
per cent. of the total dead-weight trade and 824 per cent. of the measure- 
ment goods. The average tonnage per ship for the British was about 1,700 
tons; for the Canadian vessels less than 300 tons; for the foreign ships a 
little more than 900 tons. 

It may be interesting to add a few figures showing the magnitude of 
the coasting trade of the Dominion. In 1908 there arrived and departed 
104,527 steamers aggregating nearly 42,857,000 tons, and 50,710 sailing 
ships aggregating 7,673,000 tons. The sailing ships included nearly 50,200 
small schooners, sloops, barges, canal boats, &c., averaging about 150 tons 
each. The grand totals fur the coasting trade were 155,237 ships of 
50,530,000 tons, and of these 151,873 ships of 47,356,000 tons were classed 
as British in the official returns. It will be obvious that great importance 
must attach to every detail of the business involved in carrying on a ship- 
ping trade of the magnitude indicated by the foregoing figures, and still 
more is this the case in regard to the immensely greater transactions of 
British shipping considered as a whole. No pains must be spared in 
promoting economy or improving procedure, and even minute savings on 
particular items must be secured, since their aggregate effect may be of vast 
amount. 

Since the introduction of iron for the structures of ships and of steam 
as the propelling power marvellous economies have been effected in the cost 
of over-sea transport. The chief causes contributing to this result have 
been (1) improvements in steam machinery, leading to great reductions in 
coal consumption, (2) considerable enlargement in the dimensions of ships, 
and (3) the supersession of iron by steel for structures and machinery. It 
is unnecessary, and would be impossible on this occasion, to deal in any 
detail with these matters, which have been illustrated repeatedly by many 
writers, including the speaker. On the other hand, it would be improper 
to leave altogether without illustration the remarkably low cost of sea 
transport under existing conditions, since it has great influence on the 
commerce of the British Empire and of the world. 

Rates of freight, of course, vary greatly as the conditions of trade and 
the stress of competition change. At the present time these conditions 
remain unfavourable, although it may be hoped that there are signs of 
improvement, after long and severe depression. It will be preferable, there- 
fore, to give facts for more normal circumstances, such as prevailed five or 
six years ago. Coal was then carried from the Tyne to London (315 miles) 
for 3s. dd. a ton; to Genoa (2,388 miles) for 5s. a ton; to Bombay 
(6,358 miles) for 8s. 6d. a ton, including Suez Canal dues. The correspond- 
ing rates of freight were .111, .025, and .016 of a penny per ton-mile. 

Grain was brought across the Atlantic for 9d. per quarter in large cargo 
steamers, whereas in former times, when it was carried in small vessels, the 
charge was 9s. 6d. Goods were carried 6,400 miles eastward vid the Suez 
Canal in tramp steamers at an inclusive charge of 25s. to 30s. a ton, the 
freight rate averaging about .05 of a penny per ton-mile. It was estimated 
at that time that the average railway rate per ton-mile in Great Britain 
for cost of transport and delivery of goods was about thirty times as great ; 
but the moderate distances travelled, local and national taxation, high 
terminal charges, and the immense outlay involved in the construction, 

_equipment, and maintenance of railways account for much of the great 
difference in cost of transport. The ocean furnishes a free highway for 
the commerce of the world. 

Economy of fuel-consumption has played a great part in the reduction 
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of working eXpehses in steamships. Fifty years ago from 4 to 5 Ib. of 
coal per indicated horse-power represented good practice in marine engineer- 
ing for screw steamships. At present, with quadruple expansion engines, 
high-steam pressures, and more efficient reciprocating engines, from 14 to 
14 lb. is common practice, and better results are claimed in some cases. 
A cargo steamer of the tramp type, carrying 6,500 tons dead-weight, can 
cover about 265 knots in twenty-four hours in fair weather for a coal con- 
sumption of 27 tons per day, representing an expenditure on fuel of 201. to 
251. A larger vessel carrying about 12,000 tons dead-weight, driven by 
engines of similar type, would consume about 45 tons in covering the same 
distance at the same speed. This increased economy in fuel per ton-mile 
is the result of an increase in dimensions from 365 feet length, 47 feet 
breadth, and 244 feet draught of water to a length of 470 feet, a breadth 
of 56 feet, and a draught of 274 feet. The first cost of cargo steamers is 
small in relation to their carrying capacity and possible earnings ; varying, 
of course, with the current demand for new steamships. In the present 
depressed condition of shipping, about 5/. 10s. per ton dead-weight is 
named as a current rate ; in busy times the price may be 40 to 45 per cent. 
higher ; even then it is small in proportion to earning power. Working 
expenses are kept down also by the use of efficient appliances for 
rapidly shipping or discharging cargoes, and so shortening the stay of 
ships in port. As an example a case may be mentioned when a ship of 
12,000 tons dead-weight and 800,000 cubic feet measurement capacity had 
her full cargo discharged at an average rate of 300 tons an hour, a fresh 
cargo put on board at the rate of 250 tons an hour, and 1,600 tons of coal 
shipped between 7 a.m. on Monday and noon on the following Friday— 
that is, in 101 hours. In another case a cargo weighing 11,000 tons was 
discharged in 66 hours. ‘Quick dispatch’ in dealing with cargo is now 
universally recognised as essential, and it has been asserted that a saving 
of one day in the time occupied in discharging or loading a tramp steamer 
when she finds full employment may involve an economy equal to one per 
cent. on her first cost. 

The ‘ intermediate’ type of steamer—in which large carrying capacity is 
combined with provision for a considerable number of passengers and mode- 
rate speed—is of comparatively recent date, but it has been developed rapidly 
and is subject to the universal laws to which all classes of shipping conform. 
Increase of size is adopted in order to favour economy in working and greater 
earning power, while increase in speed is made in some cases. Vessels like the 
Adriatic or Baltic of the White Star Line, the Carmania and Caronia of the 
Cunard Line, and the George Washington of the Hamburg-American Line 
illustrate this statement ; while its latest and greatest examples are found in 
the two steamers now building for the White Star Line by Messrs. Har- 
land and Wolff, which are said to be of 45,000 tons, to be intended to steam 
twenty to twenty-one knots, to provide accommodation for a great number of 
passengers, and to have large capacity for cargoes. In mail and passenger 
steamers of the highest speed increase in dimensions is devoted chiefly to 
provision for more powerful propelling apparatus and for a correspondingly 
large quantity of fuel, and the cargo-carrying capacity is relatively small ; 
but the law of increase in size and cost is obeyed, and will be followed up to 
the limit which may be fixed by the vast outlay necessary in order to provide 
suitable harbours and dock accommodation with an adequate depth of water, 
or by commercial considerations and the possibility of securing a suitable 
return on the large capital expenditure. Growth in dimensions of ships will 
not be determined by the nava’ architect and marine engineer finding it 
impossible to go further, for there are even now in view possibilities of 
further progress if the shipowner so desires. Invention and improvement 
have not reached their ultimate limits. 

The wonderful progress made during the last seventy years is well illus- 
trated by the history of shipping trading between Canada and Great Pritain, 
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and it may be of interest to recall a few of the principal facts. For a long 
period trade and communications were carried on by wood-built sailing 
ships, many of the finest being Canadian built ; but at a very early period 
Canadians had under consideration the use of steamships. One of the first 
steamers to cross the Atlantic was the Royal William paddle-steamer, built 
near Quebec in 1831. She was 160 feet long, 44 feet broad, of 363 tons burden, 
sailed from Quebec on August 5, 1833, and reached Gravesend on Septem- 
ber 16, a passage of more than forty days, in the course of which sail-power 
was largely used. Cabot, in 1497, crossed in the good ship Matthew, of 200 
tons burden, which was probably from 90 to 100 feet in length ; so that three 
centuries of progress had not made very great changes in size of the ships 
employed. Wood was still the material of construction, and sails were still 
used as a motive power, although the steam-engine was installed. In 1839 
it was a Canadian, Samuel Cunard, who secured—in association with two 
British shipowners, Burns and McIver—the contract for a monthly Trans- 
atlantic service from Liverpool to Halifax and Boston. The four steamers 
built were wood-hulled, driven by paddle-wheels, had good sail-power, and 
were of the following dimensions: 207 feet long, 543 feet broad, 1,150 tons 
burden, and about 8 knots speed. A rapid passage to Boston then “occupied 
about fourteen days. 

Another Canadian enterprise, the Allan Line, started about fifty-six 
years ago. The first steamer built for the company was appropriately named 
the Canadian. At the time of her construction she ranked among the most 
important mercantile steamers in existence, and was quite up to date. Her 
dimensions were: Length, 278 feet; breadth, 34 feet; burden, 1,873 tons. 
She had inverted direct-acting engines, driving a screw propeller, and a full 
sail equipment. 

The Transatlantic service to New York, as was natural, rapidly sur- 
passed that to Canadian ports, but the latter has been continuously 
improved, and its development has been marked by many notable events. 
_ For example, the Allan Line was amongst the first to use steel instead of 
iron for hulls, and in their two largest steamers now on service, dating from 
1903, they were the first to adopt steam turbines for ocean-going ships, 
although their lead of the Cunard Company was not long. The Virginian 
and Victorian are 520 feet long, 60 feet broad, of 10,750 tons, and their 
maximum speed is 18 knots. The Canadian Pacific Railway authorities 
added shipowning to their great land enterprises at an early period in their 
career by building for the Pacific service in 1891 three important steamers, 
each 456 feet long, 51 feet broad, of 5,950 tons, and 17 knots speed. These 
vessels continue on service, and have done splendid work as a link in the 

‘allred’ route. Since this step was taken the Canadian Pacific Railway has 
become possessed of a large fleet of Atlantic steamships, and quite recently 
has placed on the service from Liverpool to Quebec passenger steamships 
nearly 550 feet in length, 66 feet in breadth, of 14,200 tons, with a maximum 
speed of 20 knots. 

. The latest addition to the Canadian service has been made by the White 
Star Line in the form of two steamers, the Laurentic and Megantic, of 
15,000 tons, 550 feet long, about 67 feet broad, and 17 knots speed. In the 
Laurentic an interesting experiment has been made—Messrs. Harland & 
Wolff having introduced a combination of reciprocating engines and a low- 
pressure turbine. This system was patented as long ago as 1894 by Mr. 
Charles Parsons, to whom the invention of the modern steam turbine and 
its application to marine propulsion are due. Mr. Parsons foresaw that 
while the turbine system would prove superior to reciprocating engines in 
ships of high speed and with a high rate of revolution, there would be a 
possibility of getting better results by combining reciprocating engines with 
low-pressure turbines in ships of comparatively slow speed, where a low rate 
of revolution for the screw-propellers was necessary to efficient propulsion. 
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His main object, as set forth fifteen years ago, was ‘to increase the power 
obtainable by the expansion of the steam beyond the limits possible with 
reciprocating engines,’ and subsequent investigations led Mr. Parsons to 
the conclusion that it would be possible to secure an economy of 15 to 20 per 
cent. by using the combination system as compared with that obtainable 
with efficient types of reciprocating engines. Many alternative arrange- . 
ments have been designed for combining reciprocating engines with low- 
pressure turbines ; that now under trial associates twin-screw reciprocating 
engines, in which the expansion of the steam is carried down to a pressure 
of 9 to 10 lbs. per square inch when working at maximum power, and then 
completed to the condenser pressure in a turbine. ‘Triple screws are 
employed, the central screw—driven by the turbine—running at a higher 
rate of revolution than the side screws, which are driven by the reciprocating 
engines. The Laurentic has been but a short time on service, and few 
particulars are available of her performances as compared with those of her 
sister ship, fitted with reciprocating engines. It has, however, been reported 
that the results have proved so satisfactory that the combination system will 
probably be adopted in the two large White Star steamers of 15,000 tons 
now building at Belfast. This favourable view is fully confirmed by the 
performances of the Otaki, built by Messrs. Denny, of Dumbarton, for the 
New Zealand Shipping Company, and completed last year. That firm, as 
is well known, have taken a leading part in the application of the Parsons 
type of steam turbine to the propulsion of mercantile and passenger 
steamers, and they possess exceptional experience as well as special facilities 
for the analysis of the results of trials of steamships, having been the first 
private firm to establish an experimental tank for testing models of ships 
and propellers on the model of that designed by Mr. W. Froude and adopted 
by the Admiralty. Messrs. Denny have generously placed at the disposal 
of their fellow-shipbuilders the principal results obtained on the official 
trials and earliest voyages of the Otaki, and have compared them with 
similar results obtained in sister ships fitted with reciprocating engines.* 
The Otaki is the first completed ship fitted with the combination system 
and subjected to trial on service, and as the successful application of that 
system to cargo steamers and steamers of the intermediate type would result 
in a considerable economy in the cost of oversea transport, it may be of 
interest to give some details of her recorded performance. She is 465 feet 
long, about 60 feet broad, and of 7,420 tons (gross). Her dead-weight 
capability is about 9,900 tons on a draught of 27 feet 6 inches, and the 
corresponding displacement (total weight) is 16,500 tons. The vessel was 
designed for a continuous sea-speed of 12 knots when fully laden, and the 
contract provided for a trial speed of 14 knots with 5,000 tons of dead-weight 
on board. The trials were accordingly made at a displacement of about 
11,700 tons. Her installation of boilers is identical with that of her sister 
ship, the reciprocating-engined twin-screw steamer Orari, which is 4 feet. 
6 inches shorter than the Otaki, but generally of the same form. On the 
measured mile the Otakz obtained a speed of 15 ‘knots, while the Orari 
reached 14°6 knots. In order to drive the Orari at 15 knots about 12 per 
cent. more horse-power would have been required, and this is a practical 
measure of the superiority of the combination system over the reciprocating 
twin-screw arrangement in the Orari. The total water consumption per 
hour of the Otaki at 15 knots was 6 per cent. less than that of the Orari at 
14:6 knots. If the Otakz also ran at 14°6 knots, the water consumption 
would have been 17 per cent. less than that of the Orari at the same speed. 
On the voyage from Liverpool to New Zealand the Otaki averaged about 
11 knots, which would have required on the measured mile only about 40 per 


1 See a paper by Engineer Commander Wisnom, R.N., in the Proceedings of the 
Institution of Engineers and Shipbuilders in Scotland for 1909, 
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cent. of the power developed when running 14°6 knots. With the ship laden 
more deeply, the average development of power on the voyage was about 
one-half the maximum developed on the measured mile, and this was dis- 
advantageous to economy in the combination. Even in these unfavourable 
conditions the Otakz realised an economy in coal consumption of 8 per cent. 
on the voyage from Liverpool to New Zealand and back as compared with 
her reciprocating-engined sister ship; this represents a saving of about 
500 tons of coal. Ordinarily the ship would leave England with sufficient 
coal on board for the outward passage, so that 250 tons less coal need be 
carried and a corresponding addition could be made to cargo and freight- 
earning. Probably as experience is gained the actual economy will prove 
greater than that realised on the maiden voyage ; but even as matters stand 
there is a substantial gain, and a prospect of the extended application of 
the steam turbine to vessels of moderate and low speed. In view of results 
already obtained, the New Zealand Shipping Company have decided to 
apply the combination system to another vessel just ordered from Messrs. 
Denny. 

In designing turbine machinery for vessels of moderate or low speed 
there must necessarily be conflicting claims. For maximum efficiency in 
steam turbines a high rate of revolution is necessary ; whereas at moderate 
or low speeds it is antagonistic to propeller efficiency to run at this high 
rate of revolution. Engineers are at present much occupied with the study 
of arrangements by means of which these conflicting claims may be har- 
monised and greater total efficiency of propulsion obtained. Having regard to 
the enormous capital invested in cargo steamers of moderate speed, and the 
importance attaching to their economic working as influencing the cost of 
oversea transport, it will be obvious that it is most desirable to find an 
arrangement in which the high speed of the rotor may be reduced by means 
of some form of gearing or its equivalent, so as to enable the screw shaft and 
its propeller to be run at a speed which will secure maximum propeller 
efficiency. Many proposals have been made, including mechanical gearing 
and hydraulic or electric apparatus for transforming the rate of motion. 
Some of these are actually undergoing experimental trials, and are said to 
have given very promising results. One of the most important trials is that 
undertaken by the Parsons Marine Steam Turbine Company, which has 
purchased a typical tramp steamer, and is carrying out on her a series of 
trials in order first to ascertain accurately what are the actual conditions 
of steam and coal consumption with the present reciprocating engines, and 
then to ascertain the corresponding facts when those engines have been 
removed and a steam turbine with its associated gearing has been fitted. It 
is interesting to note in passing that in the earliest days of screw propulsion 
with slow-running engines it was found necessary to adopt gearing in order 
to increase the rate of revolution of the propellers, whereas at present 
interest is centred in the converse operation. Furthermore, if any system 
of gearing-down proves successful it may be anticipated that its application 
will be extended to swift turbine-driven steamships, since it would enable 
good propulsive efficiency to be secured in association with rapidly running 
turbines of smaller size and less weight than have been employed hitherto. 


The Marine Steam Turbine. 


The rapid development of the marine steam turbine during the last 
seven years constitutes one of the romances of engineering, and the mag- 
nitude of the work done and the revolution initiated by Mr. Charles Parsons 
will be more justly appreciated hereafter than they can be at present. In some 
quarters there is a tendency to deal critically with details and to disregard 
broader views of the situation as it stands to-day. In May 1909 there were 
275 vessels built and under construction in which steam turbines of the 
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Parsons type are employed, the total horse-power being more than three 
and a half millions. In the Royal Navy every new warship, from the 
torpedo-boat up to the largest battleships and armoured cruisers, is fitted 
with turbine engines; and the performances of vessels which have been 
tested on service have been completely satisfactory, in many instances sur- 
passing all records for powers developed and speeds attained. In the war- 
fleets of the world this example is being imitated, although in some cases it 
was at first criticised or condemned. In the mercantile marine as a 
whole, while the new system has not made equal advance, many notable 
examples can be found of what can be accomplished by its adoption. It is now 
admitted that steam turbines enable higher speeds to be attained in vessels of 
given dimensions ; and in steamers built for cross-channel and special services, 
where high speed is essential and coal consumption relatively unimportant, 
turbines have already ousted reciprocating engines. For oversea service and 
long voyages an impression has existed that the coal consumption of turbine- 
engined ships would considerably exceed that of ships driven by triple or 
quadruple expansion reciprocating engines. Critics have dwelt on the 
reticence in regard to actual rates of coal consumption practised by owners 
of turbine steamships. Naturally there are other reasons for reticence than 
those which would arise if the coal consumption were excessive; but 
pioneers in the use of turbine machinery may reasonably claim the right of 
non-publication of results of trials in the making of which they have 
incurred large expenditure and taken considerable risks, if they think that 
silence is beneficial to their business interests. Even if it were true that 
in the earliest applications of the new system economic results had not 
been obtained equal to those realised in reciprocating engines which have 
been gradually improved during half a century, that circumstance should 
not be regarded as a bar to acceptance of a type of engine that admittedly 
possesses very great advantages in other ways, but should be regarded as 
an incentive to improvements that would secure greater economy of coal. 
The evidence available, however, does not confirm the adverse view, and 
those familiar with the facts do not admit its truth. One example may be 
cited as it affects the Canadian service. In June 1907 it was authoritatively 
stated that in the Allan liner Virginian the reports which had been cir- 
culated respecting the excessive coal consumption were unfounded, that 
the vessel was making passages at speeds of 174 to 173 knots, as against the 
17 knots estimated, and the rate of coal consumption was really about 1°4 Ibs. 
per indicated horse-power which would have been required to attain this 
speed if the vessel had been fitted with reciprocating engines. This result 
compares well with the consumption in ordinary passenger steamers run- 
ning at high speeds in proportion to their dimensions, although in large 
cargo steamers and vessels of the intermediate type, working under much 
easier conditions and at very low speeds in proportion to dimensions, lower 
rates of consumption may be obtained. With these latter vessels the fair 
comparison is the combination system and not the pure turbine type which 
is adapted for high speeds. 

The crowning triumph of the marine steam turbine up to the present 
time is to be found in the great Cunard steamships Lusitania and 
Mauretania. The passages made this year by the latter ship since she was 
refitted have been marvellously regular, and the 25 knots average across the 
Atlantic, which was the maximum contemplated in the agreement between 
the Government and the Cunard Company, has been continuously exceeded. 
As one intimately concerned with the design of the Mauretania, who has 
had large experience in ship design, has made a life-long study of the laws 
of steamship performance, and had the honour of serving on the committee 
which recommended the employment of turbines in these great ships, 
I venture to assert that equal results could not possibly have been 
obtained with reciprocating engines in vessels of the same form and dimen- 
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sions. Contrary opinions have been expressed, but they either have been 
based upon incorrect data or have omitted consideration of the fact that 
in vessels of such great engine-power it was necessary to have time to perfect 
the organisation of the staff in order to secure uniform conditions of stoking 
and steam production, and to bring the ‘human element’ into a condition 
which would ensure the highest degree of efficiency in working the propelling 
apparatus. This necessity for time and training has been illustrated again 
and again in the case of new types of Transatlantic steamers, including 
some which held the record for speed prior to the appearance of the 
Cunarders. In the Lusitania and Mauretania the engine-power is fully 
60 per cent. greater than that of their swiftest predecessors, yet no similar 
allowance appears to have been thought necessary by some critics, who 
assumed that performances on the earlier voyages represented the maximum 
capabilities of the vessels. Subsequent events have shown this view to be 
fallacious and have justified the recommendation of the Turbine Com- 
mittee and the action of the Cunard directors. Allegations made in regard 
to excessive coal consumption have also been disproved by experience ; and 
in this respect the anticipations of the committee and of Mr. Parsons have 
been fully realised. 

The marvellous regularity maintained by the Mauretania on a long 
sequence of consecutive Transatlantic passages—made under varying and 
in many cases very adverse conditions of wind, weather, and sea—illustrates 
once more, and on an unprecedented scale, the influence which large dimen- 
sions have upon the power of maintaining speed at sea. Starting from 
the eastward passage, beginning on February 3rd last, and taking twelve 
passages (westward and eastward) which followed, the average speed for 
the thirteen passages, approaching 40,000 sea miles in length, has been 
254 knots; the lowest average speed in the series has been 25°2 knots, the 
highest average speed 25°88 knots. Many of the passages in this series were 
made in winter weather against strong winds and high seas, which would 
have considerably reduced the speed of her predecessors, but had small 
influence on the Mauretania. In many instances delays have been caused by 
fogs. 

On seven consecutive passages made since the beginning of last May the 
average speed of the Mauretania in covering about 20,000 sea-miles has been 
25°68 knots, the minimum speed for the passage having been 25°62 knots 
and the maximum 25°88 knots. On her contract trials the Mauretania 
maintained an average speed of 26°04 knots for a distance somewhat exceed- 
ing 1,200 knots, the steaming time being rather less than forty-eight hours. 
On the passage when she averaged 25°88 knots, she ran 1,215 knots from noon 
on June 17th to noon on June 19th (about forty-six hours), at an average 
speed of 26°23 knots, and by noon on the 20th had covered 1,817 knots at an 
average speed of 26°18 knots for 69 hours. The ship has, therefore, surpassed 
on service her performance on the contract trial. 

In view of the foregoing facts and of others of a similar nature, it is 
reasonable to assume that as experience is enlarged and information is 
accumulated in regard to forms of propellers likely to prove most efficient 
in association with quick-running turbines, sensibly improved performances 
will be obtained. At present, in comparisons made between the efficiency of 
reciprocating-engined ships and turbine-engined ships, the former have the 
great advantage attaching to long use and extended experiment; but this 
is not a permanent advantage, and it may be expected that good as the 
position is to which the marine steam turbine has attained in the brief 
period it has been in practical use, that position will be gradually improved. 
Whether or not other forms of propelling apparatus in their turn will 
surpass the steam turbine it would be unwise to predict. Internal com- 
bustion engines are regarded in some quarters as dangerous and probably 
successful rivals to steam turbines in the near future. Within certain 
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limits of size, internal combustion engines no doubt answer admirably ; 
- but as dimensions and individual power of the engines are increased, the 
difficulties to be overcome also rapidly increase, and the fact is fully 
recognised by those having the best knowledge of those types of prime 
movers. On the whole, therefore, it seems probable that the turbine will not 
soon be displaced, whatever may happen eventually. 


An Imperial Navy. 


Three centuries ago a great English seaman and coloniser wrote these 
words :— 


‘ Whomsoever commands the sea commands the trade ; 
Whomsoever commands the trade of the world commands the riches 
of the world, and consequently the world itself.’ 


In these words Sir Walter Raleigh clearly expressed the doctrine of ‘ sea- 
power,’ which in recent times has been emphasised by Admiral Mahan of 
the United States Navy and other writers. Twenty years ago when the move- 
ment began which has been followed by an unprecedented series of ship- 
building programmes, great additions to the personnel of the Royal Navy 
and large expenditure on improvements of existing naval bases and the 
creation of others at important strategical points, the same truth was ex- 
pressed in a report made by three distinguished Admirals, one of whom, 
Admiral of the Fleet Sir Frederick Richards, subsequently became First 
Naval Lord of the Admiralty, and did much to give effect to the policy he 
had joined in recommending. One passage in this report may be quoted: 
‘ No other nation has any such interest in the maintenance of an undoubted 
superiority at sea as has England, whose seaboard is her frontier. England 
ranks amongst the great Powers of the world by virtue of the naval position 
she has acquired in the past, and which has never been seriously challenged 
since the close of the last great war. The defeat of her Navy means to her 
the loss of India and her Colonies, and of her place amongst the nations.’ 

The ‘maintenance of an undoubted superiority at sea’ in existing cir- 
cumstances and in face of foreign competition is no easy task, and it is 
good to know that the Dominions beyond the Seas are ready to take a share 
of the heavy burden of Empire. In what way effect can best be given to 
this fundamental idea it is not easy to decide. It is necessarily a matter in 
which the views of all concerned must be considered, and a policy determined 
on which shall command hearty support from all portions of the Empire. 
It may be presumed that the arrangement of such a policy has been the 
chief object of this year’s Defence Conference. The decision which may be 
reached and the action taken must exercise momentous influence upon the 
destiny of the Empire. Universal approval has been given to the arrange- 
ment for that Conference, and this is a happy augury of its ultimate success 
in framing a satisfactory scheme for the construction and maintenance of an 
Imperial Navy. Many valuable suggestions have been made by British and 
Colonial authorities as to the great lines on which such a scheme should be 
drawn, but this is not the place to enter upon a discussion of the subject. 
It may be permitted, however, as a sequence to the preceding remarks on 
oversea transport, to remark that the protection of trade routes between 
the Mother Country and the Dominions beyond the Seas constitutes an 
essential duty; in the performance of which duty, especially in portions 
of trade routes adjacent to the Colonies, naval forces maintained by the 
Colonies may render valuable service. Such a policy in no way infringes 
the fundamental condition that supremacy at sea ultimately depends upon 
battle-fleets ; while it recognises the fact, which past struggles have demon- 
strated, that behind and beyond the work of battle-fleets lies the need for 
adequate protection of commerce and communications. Moreover, it leaves 
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Colonial Governments unfettered in making arrangements for the execution 
of that portion of the general scheme of defence which they may undertake ; 
and there can be no inconvenience or loss from such independent action 
provided the scheme of Imperial defence has been considered as a whole, and 
an understanding reached in regard to the distribution of the work. At 
present the Mother Country alone possesses experience and means of manu- 
facturing warships and armaments ; so that gradual developments, requir- 
ing time and experience, will be necessary before the Colonies can become 
self-supporting in these respects should they desire to do so. On the side of 
personnel and its training also the Royal Navy must be the great school 
for all parts of the Empire. Finally, the full utilisation of Imperial defen- 
sive forces demands the existence of a complete understanding and the pre- 
arrangement of a common plan of campaign. In order to meet this 
essential condition there must be an Imperial staff. 

The burden of naval defence has hitherto been borne almost entirely by 
the Mother Country. What the weight has been is hardly realised until the 
figures for expenditure are examined. As indications of what is involved 
in creating and maintaining a modern navy of the first class, it may be 
mentioned that in the ten financial years of the present century (including 
the current year 1909-10) the total expenditure on the Royal Navy amounts 
to 328 millions sterling. From 1885 to 1902, during the period I 
occupied the position of Director of Naval Construction and Assistant 
Controller of the Navy, the total outlay on the 245 ships for the designs of 
which I was responsible amounted to about 100 millions sterling. The 
stress of foreign competition and the growth in dimensions and cost of war- 
ships are leading to still greater expenditure on the Navy, and it is good to 
know that Canada, Australia, New Zealand, and South Africa are ready 
and willing to bear their share of the inevitable burden. 

All branches of engineering have been and will be drawn upon freely in 
the execution of this great task. Mining and metallurgy assist by the pro- 
duction of materials of construction; mechanical and electrical engineers 
contribute machines and appliances required in shipyards and engine 
factories, as well as guns, gun-mountings, and mechanical apparatus of all 
kinds required in modern warships in order to supplement and economise 
manual power; marine engineers design and construct the propelling 
apparatus, and constantly endeavour to reduce the proportion of weight 
and space to power developed ; naval architects design and build the ships; 
constructional engineers are occupied in the provision of docks, harbours, 
and bases adapted to the requirements of the fleet; and other branches of 
engineering play important if less prominent parts. The progress of inven- 
tion and discovery is increasing, rapid changes occur unceasingly, the outlay 
is enormous, the task is never-ending, but its performance is essential to the 
continued well-being of the Empire, and it must and will be performed. 


The following Paper was then read :— 


Hydro-electric Power Plant for the City of Winnipeg. 
By C. B. Surry, M.Inst.C.H. 


FRIDAY, AUGUST 27. 
The following Papers were read :— 


1. Improvements in the Navigation of the St. Lawrence.' 
By Lieut.-Colonel Wiuu1am P. ANDERSON, M.Inst.C.E. 


? Published in Engineering. 
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2. The St. Lawrence River, the Great Imperial Highway of Canadian 
Transportation. By Major G. STEPHENS. 


3. The Georgian Bay Canal. By Sir W. H. Wurrs, K.C.B., F.R.S,. 


4. The Engineering Works of the Panama Canal. 
By Colonel G. W. GorTHats. 


MONDAY, AUGUST 30. 
The following Papers were read :— 


1. The National Transcontinental Railway.* 
By Duncan Macruerson, M.Inst.C.H. 


2. Great Engineering Works on the Canadian Pacific Railway.* 
By J. E. Scuwitzer. 


3. The High-pressure Service of the City of Winnipeg. 
By Colonel H. N. Rurran. 


4. The Distribution of Dielectric Stress in Three-phase Cables.* 
By Professor W. M. Toornton, D.Sc., and O. J. WiuitaMs, B.Sc. 


5. Atmospheric Loss off Wires under Direct-current Pressures.” 
By EB. A. Watson, M.Sc. 


6. On the Calculation of the Charging Currents in Three-core Cables 
and Overhead Transmission Lines supplied with Three-phase 
Currents.2 By EB. W. Marcuant, D.Sc. 


TUESDAY, AUGUST 31. 
The following Papers and Report were read :— 


1. The Development of the Grain Industry of Western Canada and its 
Future Possibilities.1\ By G. Harcourt. 


2. Grain Handling... By W. B. Laniaan. 


’ Published in Hngineering. * Published in The Electrician. 
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3. Note on the Application of Polarised Light to Determine the Con- 
dition of a Body under Stress. By Professors S. P. THompson, 
r.R.S., and E. G. Coxrr, D.Sc. 


The application of polarised light to observe optically the strained condition 
of glass and other transparent materials when subjected to stresses has been 
known since the days of Brewster and Biot. When an ordinarily isotropic body, 
such as glass, is subjected to pressure or tension, it becomes in fact doubly- 
refractive, the axis of double-refraction being along the line of maximum stress ; 
and the presence of such double-refraction is made evident by examining in 
the polariscope the light transmitted through the object. 

Hitherto the usual disposition has been the following: An ordinary polariser, 
such as a large Nicol prism, or a black-glass reflector set at the polarising angle, 
is employed to produce plane-polarised light. An ordinary Nicol prism is used 
as analyser ; and habitually their principal planes are crossed so as to produce 
the dark field. Then the piece of glass to be examined is placed between them, 
and means are provided, by pinching screws or compressors, to subject the glass 
to stresses in a plane normal to the axis of the beam of light through the Nicols. 
No effect is produced if the axis of double-refraction, that is, the axis of the 
strain, lies parallel to the plane of polarisation of either the polariser or the 
analyser. If the axis of double-refraction is at all oblique to such plane then 
more or less light is transmitted. As a result of this disposition the apparent 
amount of light seen through the polariscope varies according to the square of 
the sine of half the angle which the axis of stress makes with the plane of polarisa- 
tion of the polariser ; and the observed figure in the stressed specimen changes 
if it is rotated in its own plane in the instrument. This is further complicated, 
if the light be not monochromatic, by the chromatic differences in the double- 
refraction. Again, as is well known, and as a result of this maximum effect at 
45°, if any object be taken in which the stresses are radial in direction—as is 
the case when a short cylinder or circular disc of glass has been subjected to 
sudden cooling, so that the peripheral portion contracts with great force upon 
the central portion—the object exhibits in the polariscope a black cross with 
its pairs of arms respectively parallel to the planes of polarisation of polariser 
and analyser, the light being a maximum in directions at 45° between the arms 
of the black cross. These arms remain fixed, even though the object be rotated 
in the apparatus. If other objects are used in which these naturally occur, equal 
strains will apparently produce unequal effects, because the different parts 
cannot be so placed that everywhere the axis of strain shall be all at the same 
angle with the principal axis of the apparatus, and there is an optical inequality, 
due to the very arrangement of the polariscope that does not correspond to 
any inequality in the specimen, or in the forces to which it is subjected. 

Furthermore, in order to produce any very evident effects in glass, either 
the specimen must be very thick (as is the case of the pieces of unannealed glass 
generally employed in polariscopic demonstrations) or else the forces to which 
the glass is subject by the compressing screws must be so great as to come 
perilously near to breaking the object. Indeed, it is quite common, in the 
ordinary apparatus for showing these effects, for the little bars or squares of 
glass to be broken or crushed in showing the experiment. 

Two things, therefore, need to be done in improving the means for studying 
and exhibiting optically the stresses in transparent solids: (1) to use a material 
more compressible than glass; (2) to devise optical means for getting rid of 
the black cross, and of making the optical effect independent of the particular 
angle at which the specimen, or any part of it, might be placed. 

The first of these ends was obtained by the adoption of a particular kind 
of xylonite instead of glass. Xylonite is a preparation of nitro-cellulose in com- 
mercial use. It is not quite as transparent as glass, but it is transparent enough, 
even when of a thickness of ten millimetres, to be entirely useful. It is slightly 
tinted and slightly turbid. Sheets three or four millimetres thick are practically 
transparent. From such sheets or selected portions of sheets the objects to be 
experimented upon are cut out. 

The second improvement, which is entirely successful in eliminating the 
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black cross, and in rendering the optical effect independent of the position of the 
specimen in the field, we have effected by the device of substituting circularly- 
polarising apparatus for both analyser and polariser. To this end we take 
two thin plates of mica (or of quartz cut parallel to the axis of crystallisation), 
selected so as to give as nearly as possible a retardation of one quarter-wave 
length for yellow light (D-line) between their ordinary and extraordinary rays. 
For many purposes ordinary so-called ‘ quarter-wave plates’ will suffice: but 
the ordinary quarter-wave plates, as sold, differ considerably amongst them- 
selves ; and it is important that the pair chosen should be alike in optical pro- 
perty. One must be large, covering the whole field of view ; the other may be 
quite small. The larger quarter-wave plate is placed between the polariser 
and the object, and is preferably attached to the polariser. It is set with its 
own axis at 45° to the plane of polarisation of the polariser. Thus set it trans- 
mutes the plane-polarised beam into a circular-polarised beam. The cheirality 
of this beam is right-handed or left-handed according to whether the axis is 
set at 45° to the left or at 45° to the right. The smaller quarter-wave is placed 
between the object and the analyser, and is preferably attached to the front 
of the analysing Nicol, to rotate with it, if the Nicol is turned. It also must be 
set with precision with its own axis at 45° to the plane of polarisation of the 
Nicol. If it receives a beam of circularly-polarised light it transmutes that 
beam into plane-polarised light, and this is either cut off or transmitted by the 
analyser, according to whether its own axis is at 45° to the left or to the right ; 
or, in other words, according as to whether the cheirality of the analysing 
combination of quarter-wave and Nicol is opposed to, or concordant with, the 
cheirality of the polarising combination. 

Tf the quarter-waves are so set as to give ‘ dark field,’ then there will still 
be dark field even if the analysing combination be rotated through any angle. 
Or if they are so set as to give ‘ bright field,’ then there will still be bright field 
for every position of the analysing combination. With this apparatus one cannot 
change, as in the ordinary polariscope, from ‘ dark field’ to ‘ bright field’ by 
turning the analyser through 90°. To do this requires that one or other of the 
quarter-waves must be rotated in its own plane through 90°, or be reversed 
face for face by turning through 180° around an axis parallel to the plane of 
polarisation of the Nicol with which it has been combined. 

With the above disposition of circular polariser and circular analyser, we 
get rid entirely of the black cross ; and, further, with the exception of certain 
slight changes of tint, the optical appearance of any polarising object placed in 
the apparatus remains invariable at whatever angle that object may be placed in 
the field. 


4. Second Report on Gaseous Explosions.—See Reports, p. 247. 


5. The Work of the British Association Committee on Gaseous 
Hzplosions.1 By Duaaup Currk, F'.R.S, 


WEDNESDAY, SEPTEMBER 1. 
The following Papers were read :— 


1. International Electrical Standardisation.t By Ormond HiGMAN. 


? Published in Yngineering. 


TRANSACTIONS OF SECTION G. 587 


2. The Behaviour of Ductile Material under Torsional Strain." 
By C. HE. Lararp, Assoc.M.Inst.C.H. 


The researches reported in this paper were carried out on different 
diameters of wrought iron, mild steel, and nickel steel, varying from half 
an inch to three inches. Some of the results obtained may be summarised 
as follows :— 

1. For ductile material there is no well-marked yield-point similar to 
that obtained for tension tests. 

2. When the maximum torque is reached failure takes place by the 
specimen commencing first to shear round the periphery over a small annulus 
of material, this shear gradually extending inwards from annulus to 
annulus at a reducing torque until the final fracture of a more or less 
central core in tension, accompanied by a loud report. This failure in two 
stages is brought about by the irregularity in the form of the fracture 
during shearing, whereby a wedging action is set up over the large annulus 
surrounding the core, thus producing compression across the annulus and 
tension in the core. The diameter of the tension core is roughly proportional 
to the diameter of the specimen. For a homogeneous material the relation- 
ship between torque and local twist is given by a rectangular hyperbolic 
curve. 

5. The torque-twist curve throughout the entire test, from the elastic 
limit to the breaking torque, follows a compound interest law, and an 
expression has been obtained by means of which the work to destroy the 
specimen can be calculated ; and the result has been confirmed by integrating 
by means of a planimeter the autographic torque-twist diagram. 

4. For a homogeneous material the work done is proportional to the 
volume, whatever the diameters and lengths of the specimens. 

5. For a homogeneous material the torque at fracture is directly pro- 
portional to the cube of the diameter of the specimen, when the diameter 
varies. 

6. (a) Principal transverse sections by planes at right-angles to the axis 
before twisting remain plane during twisting. 

(b) The unitary structural parts of the material at different radii in a 
given section undergo during torsion the same angular displacement. 

(c) Straight generating lines on the cylindrical surfaces before torsion 
are twisted up into helical lines, defining lines of helical shear. 

(d) Any sector of a homogeneous cylinder is twisted up so as to form 
a sectorial screw. 

(e) The shear stress at any radius and also along the helical lines may 
be calculated from the usual shaft formula. 

(f) For a homogeneous material the angle of the helical lines of shear 
tends to have a constant value for any diameter of a specimen ; consequently 
simple mathematical relationships between the variables of the experiments 
may be obtained. 

7. A specimen under torsion undergoes changes in its dimensions, there 
being an axial elongation following the compound interest law and a small 
reduction in diameter. Further, it would appear that when work is done 
in producing plastic deformation with corresponding increase in elastic 
resilience the volume is slightly increased. 

8. The elastic limit and the elastic resilience of material may be raised 
above the primary limit, which is purely an artificial one produced by 
manufacturing operations, (a) by overstraining, with full recovery of elas- 
ticity to a higher limit by heat treatment at low temperatures; (b) by in- 
definitely long rest after overstraining; (c) by continuous stressing of 
material at a fairly constant load above the primary elastic limit; (d) in 
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manufacturers’ works by scientific straining with subsequent heat treatment ; 
(e) considering the forms of iron and steel, by the addition of a small per- 
centage of some other element. Any one of these methods increases the 
ratio of elastic limit to maximum load, and the ratio of elastic resilience to 
the total work which has to be done on the specimen to destroy it. That 
is to say, the useful ‘ play’ energy for practical working stresses may be 
increased in some cases with resulting economy of material. 

9. A comparison of the results of the tests on wrought iron and steel 
shows the great superiority of steel as compared with wrought iron for 
shafting. 

10. The author, in conclusion, drafted a specification for torsion tests 
based on the results of the experiments given. 


3. A New Lifeboat. By James Mircuetu. 


4. An Outline of an Investigation now being conducted for the 
Dominion Government of the Coals of Canada.' By Professor 
. J. B. Porter, D.Sc. 


0. Lhe Development of the Grain Industry in the West 
and Grain Storage. By Joun MILER. 


' Published in Hngineering. 
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Section H.—ANTHROPOLOGY. 


PRESIDENT OF THE SEcTION.—Professor JoHN lL. Myres, M.A., F.S.A. 


THURSDAY, AUGUST 26. 


The President delivered the following Address : — 
The Influence of Anthropology on the Course of Political Science. 


ANTHROPOLOGY is the Science of Man. Its full task is nothing less than this, 
to observe and record, to classify and interpret, all the activities of all the varieties 
of this species of living being. In the general scheme of knowledge, therefore, 
anthropology holds a double place, according to our own point of view. From 
one standpoint it falls into the position of a department of zoology, or geography ; 
of zoology, since man, considered as a natural species, forms only one small part 
of the animal population of this planet; of geography, because his reason, con- 
sidered simply as one of the forces which change the face of nature, has, as we shall 
see directly, a range which is almost worldwide. From another point of view 
anthropology itself, in the strictest sense of the word, is seen to embrace and 
include whole sciences such as psychology, sociology, and the rational study of 
art and literature ; since each of these vast departments of knowledge is con- 
cerned solely with a single group of the manifold activities of man. In practice, 
however, a pardonable pride, no less than the weighty fact that man, alone 
among the animals, truly possesses reason, has kept the study of man a little 
aloof from the rest of zoology. Dogmatic scruples have intervened to prevent 
man from ever ranking merely as one of the ‘ forces of nature,’ and have set a 
hard problem of delimitation between historians and geographers. And the 
natural modesty of a very young science—for modern anthropology is barely 
as old as chemistry—has restrained it from insisting on encyclopedic claims in 
face of reverend institutions like the sciences of the mind, of statecraft, and of 
taste. 

Yet when I say that anthropology is a young science I mean no more than 
this, that in the unfolding of that full bloom of rational culture, which sprang 
from the seeds of the Renaissance, and of which we are the heirs and trustees, 
anthropology found its place in the sunlight later than most ; and almost alone 
among the sciences can reckon any of its founders among the living. This was 
of course partly an accident of birth and circumstance ; for in the House of 
Wisdom there are many mansions ; a Virchow, a Bastian, or a Tylor might easily 
have strayed through the gate of knowledge into other fields of work ; just as 
Locke and Montesquieu only narrowly missed the trail into anthropology. 

But this late adolescence was also mainly the result of causes which we can 
now see clearly. Man is, most nearly of all living species, the ‘ ubiquitous 
animal.’ Anthropology, like meteorology, and like geography itself, gathers its 
date from all longitudes, and almost all latitudes, on this earth. It was necessary, 
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therefore, that the study of man should lag behind the rest of the sciences, as 
long as any large masses of mankind remained withdrawn from its view; and 
we have only to remember that Australia and Africa were not even crossed at 
all—much less explored—by white men, till within living memory, to realise 
what this limitation means. In addition to this, modern Western civilisation, 
when it did at last come into contact with aboriginal peoples in new continents, 
too often came, like the religion which it professed, bringing ‘not peace but a 
sword.’ The customs and institutions of alien people have been viewed too 
often, even by reasonable and good men, simply as ‘ y* beastlie devices of y* 
heathen,’ and the pioneers of our culture, perversely mindful only of the narrower 
creed, that ‘ he that is not with us is against us,’ have set out to civilise savages 
by wrecking the civilisation which they had. 

Before an audience of anthropologists, I need not labour the point that it is 
precisely these two causes, ignorance of many remoter peoples, and reckless 
destruction or disfigurement of some that are near at hand, which are still the 
two great obstacles to the progress of our science. But it is no use crying over 
spilt milk, and I turn rather to the positive and cheering thought that the pro- 
gress of anthropology has been rapid and sure, in close proportion to the spread 
of European intercourse with the natives of distant lands ; and that its further 
advance is essentially linked with similar enterprises. 


Anthropology and Politics in Ancient G'reece. 


Instances of what I mean are scattered over the whole histéry of anthropo- 
logy. Philosophy, as we all know, begins in wonder ; it is the surest way to 
jostle people out of an intellectual groove into new lines of thought, if they can 
be confronted personally and directly with some object of that numerous class 
which seems uncouth only because it is unfamiliar. The sudden expansion of 
the geographical horizon of the early Greeks, in the seventh and sixth centuries 
B.c., brought these earliest and keenest of anthropologists face to face with 
peoples who lived for example in a rainless country, or in trees, or who ate 
monkeys, or grandfathers, or called themselves by their mothers’ names, or did 
other disconcerting things; and this set them thinking, and comparing, and 
collecting more and more data, from trader and traveller, for an answer to 
perennial problems, alike of their anthropology and of ours. Can climate alter 
character or change physique, and if so, how? Does the mode of life or the 
diet of a people affect that people’s real self, or its value for us? Is the father, 
as the Greeks believed, or the mother who bore them, the natural owner and 
guardian of children ? Is the Heracles whom they worship in Thasos the same 
god as he whose temple is in Tyre? Because the Colchians wear linen, and 
practise circumcision, are they,to be regarded as colonists of the Egyptians ? 
or can similar customs spring up independently on the Nile and on the Phasis ? 
Were, in fact, are all the great problems of modern anthropology, flung out for 
good and all, as soon as ever human reflective reason found itself face to face 
with the facts of other human societies, even within so limited a region as the old 
Mediterranean world. 

And I would have you note that these old Greek problems, like all the 
supreme problems of science old and new, were not theoretical problems merely. 
Each of them stood in direct relation to life. To take only cases such as I 
quoted just now from the Father of History—is there, for example, among all the 
various regions and aspects of the world, any real earthly paradise, any delect- 
able country, where without let or hindrance the good man may lead the good 
life? Is there an ideal diet, an ideal social structure, or in general an ideal 
way of life for men; or are all the good things of this world wholly relative to the 
persons, the places, and the seasons where they occur ? I do not mean that the 
ancient Greeks ever found out any of these things, for all their searching ; or 
even that all ancient seekers after marvels and travellers’ tales were engaged 
consciously in anthropological research at all. I mean only this: that the 
experiences, and the problems, and the practical end of it all, were as certainly 
present to the minds of men like Herodotus and Hippocrates, as they have been 
in all great scientific work that the world has seen. 


——— 
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In the same way it has for some while been clear to me that neither Plato 
nor Aristotle, the great outstanding figures of fourth-century Greece, was con- 
structing theories of human nature entirely in the air. Their conceptions both of 
the ideal state of society, and of the elements which were fundamental and 
essential in actual societies as they knew them, were determined to a very large 
extent by their observation of real men in Sparta, Persia, or Scythia. But it is 
also clear that much that had been familiar to the historians of the fifth century, 
and particularly to Herodotus, had fallen out of vogue with the philosophers 
of the fourth. Systematic clearness had been attained only by the sacrifice of 
historic accuracy. Thucydides, in fact, standing right in the parting of the 
ways between history and rhetoric, might fairly have extended his warnings to 
a dissociation of history from political philosophy, which was just as imminent. 


Anthropology and the Renaissance. 


At the Revival of Learning it was the same as in the great days of Greece. 
New vistas of the world were being opened up by the voyagers ; new types of 
men, of modes of life, of societies and states, were discovered and described ; 
new comparisons were forced upon men by new knowledge crowding thick into 
their minds ; and new questions, which were nevertheless old as the hills, made 
eddies and rapids in the swift current of thought, and cried out for an answer. 
Take the central political problems for example: What constitutes the right to 
govern, and what is the origin of law? In medieval Europe this was simple 
enough. The duke, or the king, or the bishop governed by authority of the 
emperor, or the pope ; and pope and emperor ruled (like Edward VII.) ‘ by the 
Grace of God.’ Yet here, in Guinea, in Monomotapa, in Cathay, and in Peru, 
were great absolute monarchies which knew nothing of the pope or the emperor, 
and were mighty hazy about God. Yet their subjects obeyed them, and gave 
good reasons for their obedience, and chiefest of their reasons (as in all times and 
places) was this : ‘ We should be much worse off if we didn’t.’ 


Unsocial Man and the Pre-Social State. 


It would take me very far afield if I were to try to show how this universal 
answer came to change its ground from politics to anthropology, so that to the 
question—how men knew that they would be much worse off if they didn’t—the 
answer came, that ‘ once upon a time they had been much worse off, because they 
didn’t.’ For my present purpose it is enough to note that, in all ages, philosophers 
who set out to define the nature of the State, have become involved in speculations 
about its origin ; that historians, in their researches into its origin, have been 
forced into conclusions as to its nature; and that in both cases every belief about 
the Nature of the State has been found toinvolve a belief about aState of Nature; 
an answer of some kind, that is, to the question whether man was originally and 
naturally a social animal, or whether at some early period of his history he 
became social and domestic. In the latter event, how was domestication 
effected, and what sort of thing was undomesticated man? In the ancient 
world, after long controversy, Aristotle's definition of man as the ‘social 
animal’ had carried the day, and ruled that question out of court. But at the 
Revival of Learning, the unnatural behaviour of certain actual societies towards 
their individual members had revived irresistibly the whole question whether 
society was part of the natural order at all, and not a ‘device of the heathen,’ a 
mistake or a pis aller ; and whether, if society was not thus ‘ natural,’ men would 
not really be better off if they returned to their natural, pre-social, wnsocial state, 
and began again at the beginning, to work out their own salvation. This belief 
in a pre-social state played a large part in the political philosophy of the seven- 
teenth and eighteenth centuries ; and conversely it was the very fact that the 
pre-social state as a philosophical conception fell out of vogue at the beginning 
of the nineteenth, which has distinguished modern political philosophy so 
markedly from its predecessors. 

Now it is impossible to compare the successive presentations of the pre-social 
state without being struck by the widely different content of them. But how 
was it that the conception of a pre-social state of man, whether conceived as a 
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period of prehistoric development or as the result of a psychological analysis of 
mankind in society, assumed in different writers such widely different forms, 
and led—as was only natural—to such widely different proposals for the remedy 
of actual grievances ?_ Why should Hobbes, for example, describe the life of the 
natural man as little better than a hell upon earth, ‘ no arts, no letters, no society ; 
and (which is worst of all) continuall feare, and danger of violent death ; and the 
life of man solitary, poore, nasty, brutish and short ’ ; ‘ no property, no dominion, 
no Mine and Thine distinct, but only that to be every man’s, that he can get ; 
and for so long as he can keep it.’ How comes it that Locke, whatever else he 
may deny his natural man, at all events reserves to every man, even in his first 
‘Treatise on Government,’ property in his own person, and (as a corollary to 
this) property in the products of his labour, while in his second ‘Treatise’ he con- 


templates also a natural property in agricultural land? How comes it, again,- 


that Montesquieu bases the whole fabric of civilisation upon the timidity of pre- 
social man; while for Rousseau it is the utter fearlessness of the savage which most 
distinguishes him from the craven members of societies? Flat contradictions 
of this sort, between thinkers who were almost contemporaries, and who agree 
so closely in the form and system of their reasoning, clearly result not so much 
from any defect of method as from some discrepancy in the data which the 
method was employed to explain. The question, therefore, begins to assume 
another shape : Whence did those political philosophers, whose theories involved 
a state of nature, get their respective data as to the character of natural man ? 

It is common knowledge, of course, as I have hinted already, that each 
thinker’s own view of the nature of society went far to determine his imagination 
of its origin; and that his view of its nature was itself suggested by the political 
stresses of his own time. Hobbes, for example, writing in the middle of the 
Great Rebellion, was searching for a Sovereign, whose mandate should be beyond 
dispute ; Locke, standing in even closer relation to the Revolution of 1688, was 
explicitly replying to the advocates of a Divine Right of Kings, and insisting 
that the Contract is revocable; Rousseau, confronted with iniquities which 
resulted from an antiquated distribution of privilege, is all for equality and 
fraternity as the necessary guarantees of liberty. 

But it is possible also to put the sequence in the reverse order, and to make 
the inquiry, how far each thinker’s conclusions as to practical politics resulted 
from his view of the nature of the State; how far his view of its nature is 
deducible from his beliefs as to its origin ; and how far his beliefs as to the origin 
of society were themselves rendered almost inevitable for him, by the state of 
contemporary knowledge of the more primitive specimens of mankind and of the 
State itself. 


The ‘Geographic Control’ of the Renaissance. 


That such a line of reasoning was not foreign to the political thinkers of the 
seventeenth and eighteenth centuries is clear from a variety of considerations. 
In the first place, the whole movement in political philosophy, which is in 
question, stands, like the political events with which its turning points are so 
closely connected in point of time and personality, in the closest relation with a. 
larger contemporary movement of scientific inquiry, of which the inquiry into: 
the antecedents of society and of man is only one special, departmental, and 
relatively late application. And in the larger sphere, also, a general advance of 
physiographic theory had gone hand-in-hand with active physiographic dis- 
covery. Bacon’s enlargement of current ideas of scientific method stands, as 
we all know, in the closest historical connection with the discovery of a new 
world by Columbus, and with the new prospects of exploration within the old 
world which were opened by Vasco da Gama. It would therefore be natural 
to expect that Hobbes, for example, should reflect in his ‘Leviathan’ the current 
conceptions of what pre-social man would be like, as inferred from the behaviour 
and circumstances of wnsocial man as reported by contemporary voyagers. 

Two great events of this time, in particular, set the study of mankind, no 
less than all the physical sciences, on a new pinnacle of outlook, and challenged 
all the theories of the Greeks and Arabians which had done duty at second- 


= 7 


PRESIDENTIAL ADDRESS. 593 


hand, to explain the universe, since the great days of Alexandria. First, the 
discovery of the Cape route to the Hast threw open to Kuropean observation vast 
tracts of country and an immense number of societies of men whose fame indeed 
had come down through Pliny and Ptolemy, but whom no one but a few traders 
and missionaries had visited in person, since the Arab and the Turk tore East 
and West asunder and began to keep them so. Then, within the same generation, 
the discovery of America opened up, literally, a new world, wherein (among 
many marvels) one of the things which impressed its explorers most vividly 
and constantly was the presence of varieties of men whose mere existence shook 
Adamite theories of mankind to their foundation ; who utterly failed to conform 
to the traditional requirements of the Flood, and professed inveterate ignorance 
on that subject ; and whose manners and customs—when indeed they seemed 
to have any—betrayed a culture, or a lack of culture, totally unlike anything 
which the old world yielded, even taking into account the barbarous Terra 
Nigritarum which lay between the Canaries and India. 

Thus almost at one gift three new sets of human documents were presented 
to the philosophers of Kurope: (1) first-hand knowledge of the famous empires and 
kingdoms of the civilised Kast, of India, China, and the parts of ‘ India beyond 
the Ganges,’ as the saying was, beyond the desert belt of Asia; (2) fresh access to 
the black men, south of the desert belt of Africa; (3) the discovery, beyond the 
no less desert ocean, of new and Western ‘ Indies,’ peopled by wholly un-Indian 
tribes, whose aspect was Tartar rather than Indian or Malay, and whose be- 
haviour seemed all the more inexplicable because it differed totally from what 
was expected so surely by the geographers. 


Bodin, 1577. 


It was long before this mass of new material could be compared and applied 
by the philosophers at home ; but it was collected and recorded with avidity; 
and the insatiable demand for books of travel spread it broadcast, and made it 
sink deep into popular imagination. Still, with all his learning, even Bodin, 
writing in 1577, * Of the Lawes and Customes of a Common Wealth,’ ' hardly shows 
by an allusion that he appreciates the new age that has dawned. There is a 
wonderful chapter, indeed, at the beginning of his fifth book, which is thus 
entitled: ‘ What order and course is to be taken to apply the form of a Common 
Wealth to the diversitie of men’s humors, and the meanes how to discover the 
nature and disposition of a people.’ Its contents show clearly what contri- 
bution he hoped to make to the art of statecraft, and also what was to be his 
method of research, to extract the truth from the mass of conflicting instances. 
It contains the whole pith and kernel of modern anthropo-geography, and com- 
pletely anticipates the ethnological work of Montesquieu; but the data upon 
which it is based are with a single exception such as would have been available 
before the fall of Constantinople. His climatic contrasts are based on the 
Ptolemaic geography; he betrays no knowledge of a habitable south-temperate 
zone, and argues as if the world broke off short at the Sahara. It is only by a 
curious afterthought, which superposes on his classification of environments from 
arctic North to tropic South, a cross-division by grades of culture from civil 
East to barbaric West, that he betrays any hint that his cosmography has been 
disturbed by the new age of exploration. ‘The Spaniards have observed,’ he 
says, ‘that the people of Sina (China), the which are farthest Eastward, are the 
most ingenious and courteous people in the world; and those of Brezill, which 
are farre Westward, the most cruell and barbarous;’* so that East goes with 
South, and West with North, and Bodin’s cultural equator begins to lie askew 
between them ; and we should note that the crucial instance here supplied by 
* those of Brezill ’ is his single glimpse of Columbian man. 

He has, indeed, full grip of the doctrine of a pre-social state, and of the 
application of inductive proof to support it; but his instances are exclusively 


' I quote from the English edition of 1605, ‘out of the French and Latin copies 
done into English by Richard Knowlles, Author of the Turkish History.’ 

? Loe. cit., English Ed., 1605, p. 562. 
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derived from classical authors, ‘He that would see,’ he says,' ‘what force 
education, lawes, and customes have to change nature, let him look into the 
people of Germanie, who in the time of Tacitus the Proconsull had neither 
lawes, religion, knowledge, nor any forme of a Commonweale ; whereas now they 
seeme to exceed other nations in goodlie cities and well peopled; in arms, 
varieties of arts, and civil discipline.’ A curious exception goes far to establish 
this rule. The only instance which I can recall, in which Bodin refers to an 
event in Negro-land, is where he illustrates the revolt of the Mombottu Negroes 
against the Moors in 1526 (p. 555); but this was an event, the news of which 
certainly reached Europe by way of the Morocco ports, not by way of the 
southern route, or westward down the Gambia; it was also one which made 
a great sensation in Hurope, and was still a commonplace of cosmographers 
and moralists a generation later. In illustration of this I quote as follows from 
Peter Heylin’s ‘ Microcosmus’*: ‘The last Moroccan governor, Soui Halin, 
was slaine by Ischia, Anno 1526, and the negroes againe recovered their long 
lost liberty: instituting divers kings, and among others, Ischia was worthily 
made king of Tombutum. After this advancement, he quickly united many 
of the weaker kingdoms to his owne, which at this day is the greatest of the 
foure in whose hands kingly authority remaineth.’ This actual example of a 
‘Leviathan’ in process of construction was thus in text-book use in 1577, a 
generation before the time of Hobbes. 


Shakespeare’s Caliban. 


The trend of popular opinion at the end of the sixteenth century, as to the 
characteristics of the state of nature, could hardly be better illustrated than 
by the Shakespearean conception of Caliban, ‘solitary, nasty, and brutish’ ; 
barely human, in fact, but for his vices; living ‘ like a bear’ (as Montesquieu 
so often puts it), grubbing roots and plundering bees’ nests; a prey to panic, 
haunted by the spirit of the power of the air, and instinctively appeasing him, 
as savages do, by abstinence, abasement, and offerings. Mr. Hartland has only 
lately called attention again to the truth of detail with which Caliban is portrayed, 
and Mr. Sidney Lee has gone at some length into the question of his probable 
originals. No doubt there is in Caliban-a touch of the gorilla pure and simple ; 
and a touch of the gorilla’s own brother, the ‘Salvage Man’ of heraldry and 
medieval legend; Linnzeus and Blumenbach, in fact, quote several examples 
of such ‘ wild men of the woods’ who had been captured in various parts of 
Europe, and described in books before Shakespeare’s time. But apart from 
his make-up—which, in the Globe Theatre (as at Her Majesty’s), was mainly 
to tickle the gallery—Caliban is certainly neither ape nor idiot. He has his own 
code of conduct (when he can bring himself to conform to it); he knows when 
he has done wrong ; and in his treatment of his invaders, of his small belongings, 
and in particular of his island property, he corresponds too closely with the 
current sixteenth-century descriptions of the feckless, passionate ‘child of 
nature’ to be set down as anything else but an experiment in the portrayal of 
natural man. And if we once view Caliban from this standpoint, it becomes 
almost incredible that he should have preceded Hobbes’ sketch of the state 
of nature by nearly half a century, unless Hobbes’ portrait itself was based 
upon a type already widely current, and generally accepted in popular belief. 


Edward Grimstone, 1615. 


I come now to a work of which I would gladly have further information. 
It is entitled ‘The Estates, Empires, and Principallities of the World’; it was 
published in London in 1615, and it is described as having been ‘ translated 
out of the French by Edward Grimstone,’ doubtless the translator of Joseph 
Acosta (1604) and Jean Frangois Le Petit (1608). I introduce this work here 
for three reasons. It contains a fuller application of what I shall best summarise 
as Baconian methods to political science than is easily to be found elsewhere. 


1 Loe. cit., English Hd., 1605, p. 565. 
2 I quote the Oxford edition of 1636, p. 722. 
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It shows very clearly that by this time the new discoveries were already being 
applied systematically to philosophical ends. And it illustrates a remarkable 
series of coincidences of discovery which in less than a generation were to have 
a profound effect on European thought. 

The treatise consists of a collection of studies of human societies—ournypévar 
moXtreiat, aS Aristotle used to call them—which professes to be complete. Its 
title-page, engraved by ‘ Ren. Elstracke,’ is of a cosmographic type which descends, 
for example, into the title-page of Heylin’s ‘ Microcosmus’ a generation later ; 
but which is seen here in its pristine glory. Four female figures, emblematic of 
Europe, Asia, Africa, and America, advance to do homage to James I., who sits 
enthroned, as he sits on Bodley’s Tower in Oxford ; and below are four posed 
warriors, in the weapons of their countries. America is represented by an obvious 
Aztec warrior in a peaked cap and coat of mail; but of the four women, America 
alone is nude: even Africa is partially draped in a mantle. The distinction 
is significant, for though EKurope, Asia, and Africa all contribute to the contents 
of the book, America provides no example of a constitution at all: if it had 
any human inhabitants, they were, for Edward Grimstone, in a ‘pre-social 
state.” 

A few examples will illustrate sufficiently Grimstone’s style and method, his 
attitude towards the new and the older learning, and his obvious debt to Bodin 
and to contemporary geographers. His preface censures alike the mere com- 
placent patriots “so farre in love with themselves as they esteeme nothing else, 
and think that whatsoever fortune hath set without the compasse of their power 
and government, should also be banished from their knowledge’ ; and the mere 
politicians who ‘ remain so tied to the consideration of their owne Commonweale 
as they affect nothing else, carrying themselves as parties of that imperfect 
bodie, whereas in their curiositie they should behave themselves as members 
of this world.’ ‘But there are others,’ he goes on—and here his lash fallson the 
rigidly classical humanists of his own day—‘ which lie grovelling in the dust 
of their studies, searching out with the sciences the actions and manners of the 
Ancient, not respecting the Moderne, and they seeme so toadmire the dead, as 
they have no care for the living.’ What the classicists lack, he goes on to explain, 
is the ‘Science or knowledge of the World,’ a good part of which knowledge ‘is 
comprehended in the discourse of this book.’ And so ‘although my chief 
desseigne was to deal onely with politicke and civile matters, yet to the end 
they might find all together, and not be forced to seeke for the description of 
countries whose custome I represent, I have made the corographie,’ which in 
the next generation Peter Heylin defines as the ‘exact description of some 
Kingdom, Countrie, or particular Province of the same.’ But after describing 
thus ‘all that the countrie yeields and the beasts that naturally live there and 
have their breeding,’ he adds ‘ yet all this were little . . . if I should not show 
you the man which dwells in evere countrie, and for whom all those things seem 
to have been made, first in his ancient posture, and with his old customes, either 
altogether or for the most part abolished, then in his modern habit . . . to the 
end that every man may judge which is the better of the two Estates, and make 
use of part of the one and part of the other, having carefully ballanced the most 
considerable particularities of both.’ He then explains that he must take 
account of their economics, their means of self-defence, and their religion, ‘ whereof 
I have discoursed, to show that it is the feare of some divinitie which maintaines 
people in their duties, makes them obedient to their princes, and diverts them 
much more from all bad desseignes than armes and souldiers which environ and 
threaten them. I do it also to show that whereas religion wants, of what sort 
soever it be, policie and order faile in like manner, and barbarisme, confusion, 
and rebellion, reign there in a manner continually, whereas they that seise on 
them should presently settle in their rude minds the apprehension of some power 
over all to dispose of things at pleasure.’ : 

Here there is certainly a remarkable anticipation of a well-known passage 
of the ‘Leviathan’; only the point of view is different, and the cynicism of 
Hobbes is well away. 

Grimstone was well aware that he stood at the opening of a new period of 
discovery. ‘I protest with trueth that if I have given any ranke or commenda- 
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tion to this worke, I will give much more to those that shall labour to make it 
perfect, and that any man may adde something dayly unto it, for that from 
time to time they have more certaine advice from all parts, especially from those 
countries which have not been much frequented, either by reason of the distance, 
or for their barbarousnesse.’ For his own part, however, he had clearly done 
his best with the materials which he had. The ‘Order of all the Estates contained 
within this booke’ includes (besides all European states) ‘the kingdomes of 
Tartary, China, Japan, Pegu, the Great Mogul, Calicut, Narsinge, and Persia ; 
the Turkes Estate in Europe, Africke and Asia (including the ancient kingdomes 
of Egypt, Judaea, Arabia, &c.), the empire of Presbiter John, the Estate of the 
King of Monomotapa, the realme of Congo, and the Empire of Morocco’; and 
consequently was very fairly abreast of the travels and compilations of the day. 
His frank confession, therefore, that he knows only this, and wishes to know 
more, coupled with his total neglect of America, suggests that there may be 
real significance in the nude American on his title-page ; and that America was 
not regarded as offering any regular constitutions. 

Now it is certainly remarkable that, with the exception of a few European 
republics, all the ‘Estates, Empires, and Principallities of the World,’ which the 
author thinks worth describing, and in particular all the non-European states 
are personal monarchies of more or less absolute type: and this from a man 
who is expressly throwing classical and medieval experience to the winds, and 
setting out to describe men as he finds them. 


Peter Heylin and the Cosmographers. 


Nor is this peculiarity confined to Grimstone’s treatise. The standard 
English cosmography of the early seventeenth century is that of Peter Heylin, 
the learned, witty, and pugnacious chaplain of Archbishop Laud. Its method 
of treatment is closely modelled upon that of Grimstone ; the sequence of topics 
is the same, and there is a good deal of matter common to the two, though 
Heylin of course is far more encyclopedic in his treatment, and includes many 
regions and ‘ estates’ which do not occur in Grimstone. Here, too, with hardly 
an exception, the constitutions which are described are despotic ; and as in 
Grimstone, particular attention is given to the brutal kingships of Western and 
Southern Africa. Almost the only exceptions are the cases where the royal 
power is not yet fully established, and others in which, to the best of Heylin’s 
knowledge, there is no settled form of government. 

In fact, if an unprejudiced inquirer were to attempt, with only the materials 
available in Heylin’s time, to generalise as to the political evolution of the Old 
World outside Europe, I do not see how he could fail to arrive at the conclusion, 
first, that the natural and primitive state of man was, in the words of Hobbes, 
‘ poor, nasty, and brutish ; in continual feare, and danger of violent death’ ; 
and secondly, that wherever man had emerged from this primitive condition 
it had been by submission, more or less voluntary, and more or less by way of a 
pis aller, to an absolute despotism, usually exercised by a single imperial master 
who, like Ischia of Tombutum, had superseded by common consent a number 


of smaller despots. 
Thomas Hobbes. 


Hobbes himself does not often make mention of ethnographic matters. His 
outlook is, of course, primarily political, and his analysis, so far asit is not political, 
is psychological. Moreover, he is reticent throughout as to his sources. Now 
and then, however, he does lift the veil, and betrays an interest in the reports of 
travellers, and even a certain dependence on them. 

On the vexed question of the ‘naturalness’ of patriarchal rule, on which 
Hobbes differs as violently as usual from the current Aristotelianism, his general 
attitude, though not positively that of an anthropologist, is at all events in 
agreement with the contemporary trend of observation. ‘When the parents 
are in the State of Nature,’ he says, ‘ the dominion there over the child should 
belong equally to both ; and he be equally subject to both ; which is impossible, 
for no man can obey two Masters.’ In civilised states, he goes on the law decides 
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whether the father’s claim or the mother’s shall prevail ; ‘ but the question lyeth 
now in the state of mere nature; where there are supposed no lawes of 
matrimony ; no lawes for the education of children; but the Law of Nature, and 
the natural inclination of the Sexes one to another, and to their children.’ ‘If 
there be no contract,’ he adds, ‘ the dominion is in the mother,’ and this for the 
same obvious reason as Heylin had given already for female sovereignty in 
Borneo.' 

It may be admitted at once that Hobbes’ normal attitude of opposition to 
the Aristotelian tradition is such that the mere fact that Aristotle had laid down 
that ‘ the father is naturally in authority over the sons’ may be held sufficient 
reason why Hobbes should decide for the Matriarchate. But it is certainly an 
instructive coincidence—and for my own part I am inclined to regard it as more 
—that the first great groups of matriarchal folk to be studied in any detail were 
precisely in areas now being thrown open by the discoverers : Southern India, 
Negro Africa, and North America ; so that, at this period, matriarchal institu- 
tions, which had so long been treated as evidence of human depravity, or, at best, 
as curiosities and antiquities, were being rehabilitated for the first time in 
European thought as a practical scheme of society. Heylin had even generalised 
already that female kingships were correlated with tropical climate.” Once 
more the circumstances of the age and the general progress of knowledge were 
forcing on the notice of the philosophers fresh phenomena of a kind which pre- 
cisely fitted the demands of the philosophic situation. 

Most important of all, however, is the direct appeal of Hobbes to the evidence 
of discovery, when he is dealing with the State of Nature itself. ‘It may per- 
adventure be thought,’ he says,° ‘theare was never such a time nor condition of 
warre as this, and I believe it was never generally so, over all the world ; but 
there are many places where they live so now. For the savage people in many 
places of America, except the government of small families, the concord whereof 
dependeth on natural lust, have no government at all, and live at this day in 
that brutish manner, as I said before. However, it may be perceived what 
manner of life there would be, if there were no common Power to fear, by the 
manner of life which men that have formerly lived under a peaceful government 
use to degenerate in a civill War.’ Here, clearly, we have Hobbes the psycholo- 
gist and politician supplementing his psychological and political evidence from 
a totally different quarter, and in particular quoting America as the last citadel 
of pre-social man. 

To refer all Governments, as he explicitly does refer them, to the standard of 
Peru or Monomotapa; to imagine the State as a ‘Leviathan,’ a nightmare, a 
Frankenstein’s monster, tolerable only because without it the life of man had 
been, and would be again, ‘ solitary, poore, nasty, brutish, and short,’ was indeed 
but a partial inference from the life of ‘natural man,’ as it might have been con- 
structed from evidence which was available even then. But it accords so closely 
with the accidents of contemporary discoveries, and with an actual tone of 
pitiful contempt which had come in fashion among the voyagers themselves, as 
to force the conclusion that Hobbes was really doing his best to state what 
nowadays we should call the ‘ most recent conclusions of anthropologists >on a 
matter of practical concern, and that political science owes more than is com- 
monly supposed to this attempt to define and interpret large new facts of human 
nature as the Age of Discoveries revealed them. 


John Locke. 


In the next generation the connection between physics and politics is even 
more strongly marked. Closely as Locke was allied, in his political aspect, to 
the leaders of the English Revolution, he is still more closely associated with 
the first administrators of the Royal Society, and that in more than one depart- 
ment. His ‘Elements of Natural Philosophy’ remain to show how near he 


1 Heylin, Mierocosmus, Oxford, 1636, p. 830. 
2 Thid. 
3 Hobbes, Leviathan, Ch, XIII. 
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stands to Newton and the physicists ; his medical studies kept him in close touch 
with the chemists and anatomists, and gave him a rational psychology; and we 
shall see how intimately his psychological analysis is concerned with his general 
anthropology. On the other hand, his interest in exploration and travel was keen 
and continuous. It peeps out in his ‘Two Treatises on Government’; it is evident 
in his ‘ Essay on the Conduct of the Human Understanding’; it is confessed in 
a striking passage of his ‘ Thoughts concerning Reading and Study for a Gentle- 
man’; and it bears remarkable fruit in his Introduction to Churchill’s ‘ Collection 
of Voyages,’ published in 1704, which shows him thoroughly acquainted with 
a wide range of the writers best qualified to inform him of the recent discoveries 
in regard to unsophisticated man. 

Thus the case of John Locke is rather clearer than that of Hobbes. Here, 
too, though what impresses at the outset is the dependence of his political theory 
upon the political needs of his time, yet side by side with this we have the same 
intimate connection between his politics and his psychology as is obvious in the 
case of Hobbes, and it is naturally therefore to his psychology that I turn first 
for indications of his method of work. And we have not to go far into the 
‘Essay concerning Human Understanding’ before we have a good example of 
what I mean. In the third chapter he is following up his contention that there 
are no ‘innate principles’ in the mind by an argument to the same effect as 
regards moral, or, as he calls them, ‘ practical,’ principles. Virtue is generally 
approved, he says, not because it is innate, but because it is profitable ; nor do 
men’s actions betray any such ‘internal veneration of these rules.’ Even 
conscience, which is usually represented as checking us for our breaches of them, 
cannot be distinguished, in the mode of its origin, from any other kind of human 
knowledge, and in many cases it is only ‘from their education, company, and 
customs of their country’ that men are persuaded that morals are binding on 
them ; ‘ which persuasion, however got, will serve to set conscience at work.’ 
Then comes the passage which concerns us now. ‘ But I cannot see how any 
men should ever transgress these moral rules, with confidence and serenity, were 
they innate and stamped upon their minds. Have there not been whole nations, 
and those of the most civilised people, amongst whom the exposing of their 
children, and leaving them in the fields to perish by want or wild beasts, has been 
the practice, as little condemned or scrupled as the begetting them?’ ‘Then 
follows a list, a couple of pages long, of barbarities practised by the Mingrelians 
of the Caucasus; the natives of the interior of Africa; the Caribbees of the 
Orinoco ; a people in Peru (who fattened and ate the children of their female 
captives); and many others. Among the Tououpinambos, another American 
tribe, ‘ the virtues whereby they believed they merited Paradise were revenge 
and eating abundance of enemies; they have not so much as a name for God, 
and have no religion, no worship.’ Among the Turks ‘the saints who are 
canonised lead lives which one cannot with modesty relate.’ ‘He that will 
carefully peruse the history of mankind,’ he concludes, ‘ and look abroad into the 
several tribes of men, and with indifference survey their actions, will be able to 
satisfy himself that there is scarce that principle of morality to be named, or 
rule of virtue to be thought on (those only excepted that are absolutely necessary 
to hold society together, which commonly, too, are neglected betwixt distinct 
societies), which is not, somewhere or other, slighted and condemned by the 
general fashion of whole societies of men, governed by practical opinions and 
rules of living quite opposite to others.’ 

Here, clearly, Locke claims to support, if not to found, his generalisation as to 
the nature of the human mind on a comparison of specific varieties of human 
behaviour. At the same time he makes definite exception of those principles 
which, as he says, ‘ are absolutely necessary to hold society together,’ and these 
he is apparently inclined to regard either as actually innate or at all events as a 
higher order of universality than the ordinary principles of morals. It is the 
beginning of a deep distinction in anthropological theory, which bears fruit, 
long after, in Bastian’s distinction between Universal and Racial Ideas.' 

There are other passages in the ‘ Essay ’ in which the same argument is used, 


' Gemeingedanken and Volkergedanken. 
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drawn from observation of actual savages. In Chapter IV., for example, he gives 
a long list of tribes whose members are devoid of the idea of God. ‘ Besides the 
atheists taken notice of among the ancients, and left branded upon the records 
of history, hath not navigation discovered, in these later ages, whole nations at 
the Bay of Soldania (in South Africa), in Brazil, in Boranday, and in the Caribbee 
Islands, &c., amongst whom there was to be found no mention of a God, no 
religion ?” He goes on to quote further evidence as to the Caiaquas of Paraguay, 
the ‘ Siamites ’ (which ‘ will I doubt not be a surprise to others, as it was to me’), 
and the Chinese. His authorities in this passage are ample: Sir Thomas Roe, 
the hard-headed English ambassador to the Great Mogul, and his French editor, 
Thévenot ; de Choisy, for Siam; La Loubére, for Siam and China; Navarette 
and the Jesuit Relations, for China ; Ovington, for Surat ; Martinicre, de Léry, 
and Nicholas del Techo. For South Africa, of course, he quotes Terry, and 
through Terry, the educated Hottentot Coore or Courwee, who came to England 
for a time, and of whom Heylin, too, has a quaint story to tell. And these are 
no mere gleanings from other people’s fields. Few of Locke’s contemporaries 
had a better right to an opinion in the department of knowledge which now we 
should call anthropology, and which formed already a principal department of 
geography. And he had the highest opinion of its importance, for in his 
‘Thoughts concerning Reading and Study for a Gentleman’ he recommends a 
list of original books of travel which occupies more than a page. His own reading 
was enormous, and set him wholly free of compendia like those of Heylin and Moll, 
which indeed he could compare and criticise as an expert. By a comparison of 
the libraries of Christ Church, of the Bodleian, and of the Royal Society, it is easy 
to verify the general conclusion that if the English gentleman, as Locke feared, 
did not think it worth while to bestow much pains on geography, it was not for 
want of available books or of examples of distinguished publicists who were also 
good geographers. And this is of some importance to my general thesis, for it 
shows that in Locke’s time still, as in the days of Hobbes and before, inductive 
anthropology and inductive politics were greatly in the air and were being 
studied together ; and consequently that political philosopher, no less than a 
psychologist, was addressing a public which knew about savages and expected 
a thinker to take account of them. 

It is time now to turn to the ‘Two Treatises on Government.’ Their form 
was, of course, mainly dictated by that of Sir Robert Filmer’s ‘ Patriarcha, or 
the Natural Power of Kings,’ in which the patriarchal theory of society, main- 
tained with a thoroughness which would have delighted Aristotle, anticipates 
almost verbally the orthodox criticism which was levelled two centuries later 
at Maclennan and Lewis Morgan. Filmer’s attitude in fact is exactly that of 
the Aristotelian and classicist thinkers castigated by Edward Grimstone. He 
can quote Athens, Sparta, Rome, and the Jewish patriarchs; he is learned 
about Nimrod and Codrus; but from beginning to end he writes as if America 
and the Cape route to India were still unknown. Locke has arguments enough, 
of a more relevant kind, to bring against Filmer, and makes no direct comment 
upon the narrowness of his experience of mankind ; but implicitly his reply is 
precisely in that form. It is an appeal to experience against authority; to 
modern discovery in the new worlds beyond the oceans, against traditional 
accounts of ancient societies in the Mediterranean and the Semitic East. To 
refute Filmer’s claim that Patriarchal rule is natural, he recalls the systematic 
fattening and eating of children by the Peruvians,' and quotes a long passage 
from de la Vega’s * History of the Yneas.* On the question of the authority of 
the law over an alien, the ‘ Indian’ is his typical example, ‘ The legislative 
authority by which they are in force over the subjects of the commonwealth 
hath no power over him. Those who have the supreme power of making laws 
in England, France, or Holland, are, to an Indian, but like the rest of the world— 
men without authority.’ ? 

Locke himself, indeed, was before long to be confronted with this question in 
a very practical shape ; for it was he who was deputed to draw up a constitution 
for the new settlement of Carolina, the first British settlement which came into 
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direct contact with communities of agricultural Redskins of the Muscogean 
stock, and consequently one of the first to be confronted with any worse problems 
of expropriation than those which had been described by Heylin.! 

In the very next section * he is confronted with another question of natural 
law on which the experience of the colonists was modifying opinion profoundly. 
‘It is not every compact that puts an end to the state of Nature between men, 
but only this one of agreeing together mutually to enter into one community 
and make one body politic: other promises and compacts men may make with 
one another, and yet still be in the state of Nature. The promises and bargains 
for truck, &c., between the two men in Soldania, or between a Suris and an 
Indian in the woods of America are binding to them though they are perfectly 
in a state of Nature in reference to one another ; for truth and keeping of faith 
belongs to men as men, and not as members of society.’ Here we have a clear 
anticipation of Montesquieu’s position: * ‘The law of Nature is naturally founded 
upon this principle, that the various nations ought to do one another as much 
good as possible in peace, and as little harm as possible in war, without 
damage to their true interests. . . . All nations have a law of nations. Even 
the Iroquois, who eat their prisoners, have one. They send and receive em- 
bassies ; they recognise laws of war and laws of peace. The only trouble is 
that this law of nations is not founded on the right principles.’ Montesquieu, it 
will be observed, recurs here, like Locke, to the ‘ Indian in the woods of America ’ ; 
and we shall see presently that there is an historical reason for this prominence 
of the Redskin in such a context. 

One of Locke’s main advances upon the position taken up by Hobbes is in 
his treatment of the Right of Property.t ‘Though the earth and all inferior 
creatures be common to all men, yet every man has a property in his own person. 
This nobody has any right to but himself. The labour of his body and the work 
of his hands we may say are properly his. . . . The fruit or venison which 
nourishes the wild Indian, who knows no enclosure, and is still a tenant in common, 
must be his ; and so his—+.e. a part of him—that another can no longer have any 
right to it before it can do him any good for the support of his life.’ Here Locke’s 
ethnological position becomes clearer still, He is familiar with the hunting and 
berry-eating Redskin of the New England forests; but he is not yet brought 
into contact with the agricultural communities of the south-east ; and still less 
is he aware of the paradoxical behaviour of the later-discovered Indians of the 
Chaco, where precisely that observance holds of which he denies the existence— 
namely, that the actual hunter has no recognised right to his game, and sits out, 


' Heylin, Microcosmus, Oxford, 1636, An advertisement to the reader concerning 
America in general. ‘He that travelleth in any Part of America not inhabited by the 
Europeans shall find a world very like to that we lived in, in or near the times of 
Abraham the Patriarch about three hundred years after the flood. The lands lie in 
common to the Natives and all Comers, though some few small parcels are sown, yet the 
Tiller claims no right in them when he has reaped hiscrop once. Their Petty Kings 
do indeed frequently sell their kingdoms, but that in effect is only the taking Money 
for withdrawing and going further up the Country, for he is sure never to want land 
for his subjects because the country is vastly bigger than the Inhabitants, who are 
very few in proportion to its greatness and fertility. . . . Sometimes whole Nations 
change their Seats, and go at once to very distant places, Hunting as they go for a 
Subsistance, and they that have come after the first discoverers have found those 
places desolate which the other found full of inhabitants. This will show that we 
have done them no Injury by settling amongst them; we rather than they being 
the prime Occupants, and they only Sojourners in the land: we have bought however 
of them the most part of the lands we have, and have purchased little with our 
Swords but when they have made war upon us.’ 

ge ES 3 Esprit des Lois, I. iii. 

‘Ch. V. 27. Though the ‘Two Treatises on Government’ were published simul- 
taneously in 1690, it must be remembered that the first of them was written in reply 
to Filmer’s tract of 1680, and bears evident marks of earlier composition. It was 
indeed already out of date in 1690; but for our present purpose it is this very 
circumstance which gives it value as evidence for the growth of Locke’s knowledge 
and thought. : 
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hungry and patient, until the whole society has had its fill. Locke proceeds 
accordingly: ' ‘ Thus this law of reason makes the deer that Indian’s who hath 
killed it. It is allowed to be his goods who hath bestowed his labour upon it, 
though before it was the common right of everyone.’ 

His estimate of the agricultural skill of his ‘ Indians’ was a low one.? ‘ An 
acre of land that bears here twenty bushels of wheat, and another in America, 
which with the same husbandry would do the like, are without doubt of the 
same natural intrinsic value. But yet the benefit mankind receives from one 
in a year is worth 5/., and the other possibly not worth a penny: if all the profit 
an Indian received from it were to be valued and sold here, at least, I may say 
truly, not one thousandth.’ Here again his experience does not extend yet to 
the agricultural communities of Carolina and Georgia ; it is the rude husbandry 
of the Iroquois and Algonquins that is typical, for him, of the natural state of 
man. More generally still, when he speaks of the function and use of money,° 
he asserts: ‘Thus in the beginning, all the world was America, and more so 
than that is now ; for no such thing as money was anywhere known.’ 

His views on the natural estate of matrimony are coloured again from the 
same source. ‘All the ends of marriage being to be obtained under politic 
government, as well as in the state of Nature, the civil magistrate doth not 
abridge the right or power of either [parent] naturally necessary to those ends’ ; 
a reflection once more of the many curious compromises between patriarchal 
and matriarchal government in American societies, and particularly among 
the peoples who had partially adopted agriculture—namely, the Southern 
Iroquois and the Eastern Sioux of Virginia. America, as we see from the extract 
on money, though it is still near the state of Nature, has in some parts advanced 
beyond it ; but it is still to America that he turns for examples of more purely 
natural conditions: * ‘If Josephus Acosta’s word may be taken, he tells us 
that in many parts of America there was no government at all.’ ‘There are 
great and apparent conjectures,’ says he, ‘ that these men [in Peru] for a long 
time had neither kings nor commonwealths, but lived in troops, as they do this 
day in Florida—the Cheriquanas, those of Brazil, and many other nations, 
which have no certain kings, but as occasion is offered in peace or war, they 
choose their captains as they please.’ * ‘I willnot deny,’ he goes on,’ ‘that if we 
look back, as far as history will direct us’—he might well have added, as far as 
ethnology is any guide—‘ towards the original of commonwealths, we shall 
generally find them under the government and administration of one man. 
. . . Conformable hereunto, we find the people of America, who (living out of 
the reach of the conquering swords and spreading domination of the two great 
empires of Peru and Mexico) enjoyed their own natural freedom [to elect a 
monarch], though ceteris paribus they commonly prefer the heir of their de- 
ceased king; yet, if they find him any way weak and incapable, they pass 
him by and set up the stoutest and bravest man for their ruler.» Once more 
America supplies the typical instance, and (once more) that part of America 
which best satisfies Locke’s description is among the hunting tribes of the 
Southern Algonquins, with their elective war-path chiefs, and regular deposition 
of the war-lord as soon as his physical force abates. Eventually the com- 
parative argument is pressed home, with a hypothesis of the graduation of 
culture from East to West, almost in the manner of Bodin or Thucydides: ‘Thus 
we see that the kings of the Indians, in America, which is still a pattern of the first 
ages in Asia and EKurope, whilst the inhabitants were too few for the country, 
and want of people and money gave no temptation to enlarge their possession 
of land, or contest for wider extent of ground, are little more than generals of 
their armies ; and though they command absolutely in war, yet at home, and 
in time of peace, they exercise very little dominion, and have but a very moderate 
sovereignty ; the resolutions of peace and war being ordinarily either in the 
people or in a council, though the war itself, which admits not of pluralities 
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° Again he is quoting Acosta, National and Moral History of the East and West 
Indies, 1604, I. 25. 
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of governors, naturally devolves the command into the king’s sole authority.’ ! 
Here, at all events, is a quite unmistakable sketch of the characteristic 
diarchies of the warlike tribes on the Appalachian chain and its Atlantic slope— 
Creeks, Cherokees, and the like: a type of constitution quite limited in geo- 
graphical range, and exactly representing in its distribution the outskirts of 
European knowledge in Locke’s day. 


Robinson Crusoe. 


I made use of Caliban as a popular anticipation of Hobbes; as a sequel 
to Locke I cannot do better than refer to the savages in ‘ Robinson Crusoe,’ 
and particularly to Man Friday. This again is a composite portrait, the pre- 
dominant features of which come from the piratical Caribs of the Brazilian 
coast, with their dug-out canoes, their simple weapons, their inveterate canni- 
balism. This Carib type represents quite a different line of observation from 
Locke’s mainly Redskin evidence, and the novelty is the more important, since 
at the next turn of the wheel Rousseau makes just as free with this very 
word ‘ Carib’ as Locke had done with his ‘ Indian in the forest,’ or as Mon- 
tesquieu was about to do with his ‘ Iroquois.’ 

So far as any other element besides Carib is recognisable in the savages of 
Defoe—and the portrait, as I have said, is clearly a composite-one—it is another 
eighteenth-century type, the ‘ South Sea Islanders,’ first popularised in England 
immediately before the appearance of ‘ Robinson Crusoe,’ by the discoveries 
of William Dampier,” which were at the same time of great geographical im- 
portance, admirably described, and very widely read. They figure repeatedly, 
for example, in the footnotes of Montesquieu. 

But the point in which Defoe’s savages date his book and affect our present 
subject most clearly is in the psychology of Man Friday. In particular the dia- 
logues between Crusoe and his man on such subjects as the existence of God, 
and other test questions of the day, are full of learning, and of ingenious, if 
partly humorous, parody of current psychology and of the State of Nature. 
But to develop this subject in detail would require a whole essay to itself. 


Lrench Canada: Sagard and Lafitau. 


On French thought, meanwhile, as on English, the natives of North America 
had a very definite influence in the seventeenth century, though not quite in the 
same way as in England; for the natives whom the French encountered on the 
St. Lawrence were of a different stock, lived in a different latitude and climate, 
and enjoyed a very different culture. The French colonists also had come with 
different predispositions, and were struck by different characters in the order of 
things which they invaded. Here, as elsewhere, a foremost place must be given 
to the Jesuit reports; full and graphic records of native life and custom, which 
were widely read in France, as elsewhere, and have hardly been superseded even 
now. Another book which became classical was that of Gabriel Sagard,? which 
was well known to Locke, and is recommended by him, and was certainly a 
remarkable study of a barbarous people. 

The full tide, however, of what I may call the Huron and Iroquois mythology 
does not come till the beginning of the next century. Another Jesuit missionary, 
Joseph Lafitau, produced, in 1724, a large work entitled ‘The Manners of the 
American Savages, compared with the Manners of the First Ages.’* Lafitau had 
only been five years in Canada himself; but he had the acquaintance of Julien 
Garnier, who had been in the mission field for sixty years, and spoke Algonquin, 
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? Capt. William Dampier, A Wew Voyage round the World, describing particularly 
the Isthmus of America, 1697. It will be remembered that Robinson Crusoe appeared 
in 1719. 

* Gabriel Sagard, Grand Voyage au pays des Hurons. Paris, 1632. 

* Joseph Lafitau, Mawrs des Sauvages Ameriquains comparées auw Meurs des 
premiers Temps. 2 vols, Paris, 1724. 
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Huron, and all the five dialects of Iroquois. Lafitau’s personal experience was 
mainly among the Iroquois; he did not, however, confine himself to the Redskins 
of French Canada; he ranged as far as the Eskimo and the Peruvians, and put 
together an immense amount of information. For all his protestations to the 
contrary, Lafitau starts with a theory. ‘I have not been satisfied to understand 
the character of the savages, and to make myself acquainted with their customs 
and practices. I have searched among these customs and these practices for 
traces of the most distant antiquity; I have read with care those of the most 
ancient writers who have treated of the manners, laws, and usages of the peoples 
with whom they had some acquaintance; I have compared these manners with 
one another, and I confess that while the ancient writers have given me lights on 
which to base some lucky guesses concerning the savages, the customs of the 
savages have given me light to understand more easily, and to explain, many 
things which are in the ancient authors.’ He regards the Odyssey, for example, 
as a collection of sketches of primitive peoples, strung together on the thread of 
an interrupted voyage from Troy, but having as their object to recommend the 
study of ethnology. Manners, moreover, are to be studied to form—perhaps even 
to reform—manners, and also to reform people’s ideas. ‘I have seen,’ for example, 
he says, ‘ with extreme pain, in the majority of the Relations, that those who 
have written of the manners of barbarous nations have depicted them as people 
who have no religious feelings, no knowledge of God, no object of worship; as 
people who have neither laws nor administration nor forms of government ; in a 
word, as men who have little human about them except their faces... . I 
Imow’ (he goes on) ‘that in these latter days people have wanted to shake the 
proof of the unanimous agreement of the nations to recognise a Deity, as if this 
unanimous agreement could possibly be a mistake. But the sophisms and 
subtleties of some individual who has no religion, or whose religion is highly 
suspect, cannot shatter a truth which has been recognised by the Pagans them- 
selves, which has been received from all time without contradiction, and which 
we can assume as an axiom,’ 

Having said that it is an axiom, Lafitau proceeds rather inconsistently to 
declare it his task to prove this unanimity of opinion among all nations, by 
showing that there is in fact no ane so barbarous as not to have areligion and not 
to have morals. ‘And I flatter myself that I make the matter so obvious that no 
one can doubt it, unless he wishes to be blind in the midst of light.’ He has a 
long chapter, also, on their form of government, again with one eye upon Locke. 
‘Of all the forms of government, that which has seemed to me most curious is that 
of the Hurons and the Iroquois, because it is most like that of the ancient 
Cretans and Lacedemonians, who had themselves preserved the longest the laws 
and usages which they received from the first ages of the world. Though this 
oligarchic form of government is peculiar to them, the manner of dealing with 
business is pretty general in all the states of barbarous nations; the nature of the 
business almost the same, as well as their public assemblies, their feasts and their 
dances,’ His conviction that human nature is the same all the world over 
comes out again later on.? ‘The time which I spent among the Iroquois has 
tempted me to describe their manners in greater detail, because I know them 
better and am more confident of what I assert. Nevertheless one may say that 
the manners of the natives in general are pretty much alike.’ 

We are here already in the middle of a reaction, on the one hand, against 
Locke’s disproof of innate ideas, and, on the other, against the belief that the 
savages of the New World represent, in any essential, a lower stage of culture than 
is to be traced in survivals in classical antiquity. In fact, we are on the straight 
road to the noble savage as we get him in Pope’s ‘Essay on Man’ (1783), which 
uses Lafitau freely. But we are also very much further still on the road to a 
synthetic ethnology. Locke had pointed the way, in his Thucydidean comparison 
of the modern Indian kings to the ‘most ancient kings of Europe,’ by which, 
presumably, he meant the Homeric Monarchy. When, therefore, the first curiosity 
and wonder began to subside, and the real similarity in the performances of human 
reason under similar circumstances began to be perceived, the foundations began 


Lafitau, i. p. 20. 2 Lafitau, iv p. 25. 
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to be laid for a fresh statement of the characteristics of non-social man. Whether 
the synthesis was to have a psychological or historical content was still a matter 
of uncertainty ; but, in spite of all his eccentricities, I think we may count Lafitau 
as a pioneer of a new line of work. This at least he had of the pioneer; his book 
succeeded and was much talked of ; he certainly influenced Pope and his English 
contemporaries, and in France he prepared the way for the decisive intervention 
of Montesquieu. 


Montesquieu. 


It is easy to examine in similar detail the sources of the ethnology of Montes- 
quieu, who had of course a very wide range of reading, and evidently made good 
use of his English acquaintances, and his connection with the Royal Society, to 
keep himself well posted in current English exploration. He quotes Dampier and 
the ‘Lettres Edifiantes’ repeatedly; together with Hyde’s ‘ Persia,’ Chardin’s 
‘ Persia,’ Pyrard’s ‘Turkey,’ Bernier’s ‘ Kashmire,’ Perry’s ‘Russia, Smith’s 
‘Guinea,’ Kaempfer’s ‘Japan,’ and a number of other explorers ; and he has the 
immense merit that he rises altogether superior to the current cant about Caribs 
and Hurons. I- doubt whether either name occurs more than once or twice 
throughout the ‘ Esprit des Lois.’ Montesquieu also goes far more nearly back to 
the geographical standpoint of Bodin than any of his predecessors or contempo- 
raries.' If he does not, in fact, take rank as one of the founders of synthetic 
ethnology, it,is because, like his great predecessor, he was inclined to overrate 
the influence of physical environment, and to neglect the human factor of racial 
momentum. But it is still for the future to show whether it is Montesquieu or 
the ethnologists who are in the right. 

‘ Man, as a physical being, is governed’ for Montesquieu ‘like other material 
bodies, by invariable laws. As a rational being he is constantly breaking the 
laws which God has established, and changing those which he establishes himself.’ 
He is made, that is, for a life iz society. ‘But before all these laws are those of 
nature, so called because they are derived solely from the constitution of our 
being. To understand them rightly we must consider what man was before the 
establishment of societies. The laws of nature will be those which he would 
obey in such a condition. Such a man would at first only be sensible of his 
weakness. His timidity would be extreme, and if we need experience of that, 
there have actually been found “ wild men” in the forests : they are afraid of, and 
run away from, everything. In this condition, each one feels his own inferiority ; 
at best, if at all, he feels himself an equal. He would never therefore attempt to 
attack, and peace would be the first law of nature.’ At this point Montesquieu 
quotes ‘ Wild Peter,’ to whom we must return before long, as a recent and 
notorious example of this kind of natural man. From this standpoint he goes 
on to attack Hobbes’ idea of a natural man, aggressive and domineering, and 
concludes that, just as fear drives men to fly, so signs of mutual fear would soon 
tempt them to draw nearer; not to mention the natural pleasure which any animal 
takes in the society of its kind. His four ‘ laws of nature,’ therefore, are (1) the 
sense of weakness; (2) the sense of hunger and desire to satisfy it; (8) the sense 
of mutual support; (4) the natural need of society in the sense of mere acquaint- 
ance. This last alone is purely human. 

It will be seen at once that three of these are concerned merely with the 
maintenance of an animal life, and that, so far, Montesquieu is arguing on the 
lines of a purely zoological psychology. It will also be clear that in the fourth 
‘law of nature’ he is either begging the question that man is a social animal, or 
else he is appealing to experience of actual human societies. 

Montesquieu does not leave us long in doubt which is to be his line of 
argument. In the very next chapter he argues that, ‘as soon as men are in 
association they lose the feeling of weakness; the equality which existed 
between them ceases, and the state of war begins. Each separate society comes 
to feel its strength, and this produces a state of war of nation against nation.’ 
For there must be different peoples. This last point, however, he does not attempt 
to prove. 


1 See particularly Book XIV., Of Laws in their relation with the nature of the 
Climate, where his geographical learning is most displayed. 
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Therefore there arise laws, in the relations in which these nations stand to one 
another; and these are the ‘ Law of Nations’—the Jus Gentium. ‘ All peoples 
have a law of nations. Even the Iroquois, who eat their prisoners, have one. 
They send and accept embassies, they recognise laws of war and laws of peace. 
The only trouble is that ¢his law of nations is not founded on the right 
principles,’ 

Here, then, as was by this time inevitable for a Frenchman, Montesquieu is 
once more face to face with the Iroquois. Their ‘Law of Nations,’ it is true, ‘is 
not founded on the right principles’; but a law of nature they have got; and 
this is his proof that there 7s a law of nature. But clearly he only proves this 
if we are to assume that the Iroquois are in the state of nature; or at any rate 
so near to it as to be a fair sample of what human behaviour would be, 
untrammelled by any positive or non-natural law. 

Montesquieu, therefore, like his predecessors, not only takes full account of 
recorded observations of barbarous peoples, but is directly and specifically guided 
in his argument by the ‘last new thing’ in current anthropology, the Iroquois of 
French Canada, as revealed by Lafitau in 1724. 


Rousseau. 


Rousseau, I need hardly say, remains something of a puzzle. Like his pre- 
decessors, he comes at the subject of the State of Nature, in the first instance, as a 
reformer and a political philosopher; and I am bound to say that it is only in 
proportion as he feels the need of illustration, and realises that his whole case is 
hypothetical, that he is driven back upon ethnology as an ornament of style and 
as a makeshift for proof. Unlike his predecessors, however, he cannot be given 
credit for great learning on the point at issue, and he frankly admits as much :— 
‘As we know so little of Nature and agree so ill as to the meaning of the word 
Law, it would be difficult to settle on a good definition of the Law of Nature.’ 
There was, however, a great deal known about ‘Nature’ in 1753 which was not 
in Rousseau’s philosophy. Yet he had clearly read travels, as everyone did in 
those days, and he reproduces a few details as to the qualities and customs of 
savages. 

He quotes Peron’s ‘ Voyages aux Terres Australes’ for the comparative strength 
of Europeans and Tasmanians, and illustrates sensory acuity from Hottentots 
and Redskins; but his favourite type is the Carib, whom we have already met in 
discussing Defoe. It is the ‘Carib of Venezuela’ who shows such surprising 
skill in tackling wild animals; it is, too, ‘the inhabitant of the banks of the 
Orinoco,’ who learned the use of ‘those boards which he applies to the temples of 
his children, and which assure to them at least part of their natural idiocy and 
happiness.’ It is the ‘Carib’ again who ‘sells his cotton mattress in the morning 
and comes with tears in the evening to buy it back, for lack of foresight that he 
was going to want it for the coming night,’ and whose happiness is, nevertheless, 
So quaintly compared with that of a European Minister of State. There is a 
curiously Amazonian flavour, meanwhile, about Rousseau’s sketch of the primitive 
family. ‘The most ancient of all societies, and the most nearly natural, is that 
of the family. But even here the children do not stay bound to the parent any 
longer than they need him for their own maintenance. As soon as this need 
ceases, the natural tie dissolves. The children, released from the obedience 
which they owed to the father, the father released from the care which he owed 
to the children, all return equally to independence. This common liberty is a 
consequence of human nature.’ Such an analysis is, of course, only true in fact 
under the conditions of a tropical forest. Nowhere else does the family tie break 
down in the way Rousseau describes; and nowhere was this type of social 
anarchy more open to study than in the equatorial forests of South America. 

Whence did Rousseau acquire his conception of the Carib? The most obvious 
source would be the seventeenth volume of the Abbé Prévost’s‘ Histoire Générale 
des Voyages, which contains a full summary of the ‘Origin, Character, and 
Customs’ of the Caribs, and a narrative of European colonisation of the Antilles; 
but this volume does not seem to have been published till 1761. Raynal’s ‘Histoire 
Philosophique et Politique des Etablissements et du Commerce des Européens 
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dans les deux Indes,’ published in Geneva in 1781, is also too late; but Raynal in 
particular had a wide acquaintance, and his ideas were current in French society 
long before his book came out; so we are probably safe in crediting Rousseau 
with at all events a gossiping acquaintance with a type of savagery which was 
enjoying a considerable vogue in his time. 


‘Wild Peter. 


Both Rousseau and Montesquieu were, of course, also in a position to enjoy 
the perplexities of the advocates and assailants of the doctrine of innate ideas 
when a real live specimen of Homo sapiens ferus turned up in the Hanoverian 
forests in the year 1724. The story of ‘ Wild Peter’ is probably familiar reading, 
but though the literature which this poor creature provoked is in parts diverting 
both to the anthropologist and to the philosopher, I should encumber my story 
unduly if I digressed. Montesquieu, having been in England and having his 
friends in London, has not very much to say; but Rousseau gives ‘ Wild Peter’ 
a long note, and was evidently considerably impressed, 


The South Sea Islanders. 


Rousseau wrote just too early to be able to make use of what must have 
appeared to his contemporaries a remarkable confirmation of his view of the State 
of Nature—namely, the discovery by Cook, Bougainville, and La Pérouse of the 
Polynesian Islanders. But this discovery, coming as it did so closely after 
Rousseau’s manifesto, and so markedly confirming certain phases of his sketch, 
seems to have attracted some attention and to have been given more than its 
due weight. For it came, at all events to the public mind, as the revelation of 
a new type of Man and Society, still more remote from contact with the modern 
world even than the Carib and the Iroquois, still more likely therefore to have 
withstood the attacks of reason, if not of time, and consequently to have preserved 
some traces of the original State. The South Seas had, of course, been traversed 
cursorily since the days of Magellan; Dampier had done much to make their 
natives known; and I have indicated the share which his work may have had in 
forming the portrait of Man Friday. But it was not till after the publication of 
Rousseau’s ‘ Discourse’ that the significance of these data was appreciated; and 
ethnology owes much in this instance to philosophy for the impulse which was 
given, in the generation which follows, to the study of ‘Pacific Man,’ in more 
senses than one; though I think the debt is in part repaid when we see what 
Herder owes to ethnology. 

The Pacific Islanders, of course, with their Garden of Eden existence, chal- 
lenged all preconceived notions of the defective mentality of races remote from 
Europe, and effected analmost Copernican revolution in the self-centred ethnology 
of the discoverers. If a South Sea Islander like Omai could pick up English, play 
chess, and behave like a gentleman after a few months’ consort with Europeans, 
there could not be much amiss with his ‘ mind’; and it was clearly time to amend 
current conceptions as to the identity of the primitive with the remote. 

George Forster, for example, who wrote the first really philosophical account 
of the voyages of Captain Cook, with whom his father had sailed as one of the 
chief naturalists of the expedition, was completely convinced by his experiences 
that the Biblical record was true after all, and that the primitive state of man 
was a state of innocence and happiness. It was a reaction against the ideas of 
Hobbes, Locke, and Montesquieu, which went far beyond what was contemplated 
even by Rousseau, and it did more to retard the progress both of anthropology and 
of general biology than anything else in that century. 

So long as the sentimental enthusiasm aroused by Rousseau persisted, there 
was little hope of advance in the direction of a solid ethnology. But in England 
the contagion was slighter, the contact with the facts of exploration closer, and 
the reaction earlier; and Germany too was already well awake, with Herder, 
almost before the Revolution was ablaze. 


‘TI take this opportunity,’ writes Chamisso, who had himself been in the 
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Pacific in 1815-18,' ‘to protest most vigorously against the term savage in its 
application to the South Sea Islanders. I prefer, so far as I can, to connect 
definite ideas to the words which I use. A savage for me is the man who, in the 
absence of fixed abode, agriculture, and domesticanimals, knows no form of 
property but his weapons, with which he maintains himself by the chase. 
Wherever the South Sea Islanders can be accused of corruption of morals, this 
seems to me to bear indication not of savagery but of over-civilisation. The 
various inventions, coinage, writing, and the like, which are appropriate to mark 
off the different degrees of civilisation which the peoples of our continent have 
attained, cease to afford under conditions so different any standard for the 
insular and isolated stock which lives under this happy sky, without yesterday or 
to-morrow, living for the moment, and for pleasure.’ 


Voltatre. 


T must leave out of consideration here the results of these successive pictures 
of the Pre-Social State on the course of Political Philosophy. All I am con- 
cerned to do here is to give reasons why these different conceptions took the 
particular shape that they did, under the several circumstances of the age which 
gave birth to them; and I hope that I have been able to show that one of the 
principal factors which determined their form was the actual state of anthropo- 
logical knowledge in the years which immediately preceded the publication of 
each. 

A good example —if this were the time to develop it fully—is the very 
entertaining controversy between Rousseau and Voltaire over the psychical 
unity and uniformity of Man. What led Voltaire to so totally opposite a 
conception of the state of Nature to that entertained by Rousseau? Partly, 
of course, his own political and philosophic standpoint, with which we are 
not concerned directly here; but partly also the circumstance that in the 
years which immediately preceded his attack upon Rousseau, the learned 
world of Europe—and learned France in particular—had come under the 
influence of a fashion—I might almost call it a craze—of enthusiastic admira- 
tion of China and things Chinese. The Jesuit Missions to China, in particular, 
had been sending home wonderful accounts of the civilisation of the Chinese, and 
fabulous versions of its antiquity; and it was, of course, common knowledge in 
Europe in the eighteenth century that any civilisation which went back into the 
second and third thousand years B.c. must be in respectably close contact with 
the Origin of Man, and therefore might be expected to reflect at close quarters 
the outlines of the original state. To find, therefore, that this immemorial 
civilisation of China had existed apparently unchanged since its first ages, was to 
discover fresh light on the nature of Man and a new glimpse of primitive 
society. By this revelation of China, it is true, the Pharaoh’s heart of the 
ancien régime was hardened in pursuit of what has come down into our 
vocabulary as chinoiserie; and, by a strange irony, one of the acutest 
critics of that régime was furnished from the same source with a fresh 
instrument of proof of the essentially social nature of Man in reply to the 
Nihilism of Rousseau. ‘Do you mean by “primitive man” (sawvages) a 
two-footed animal, walking on its hands too if occasion calls, isolated, wander- 
ing in the forests, pairing at hazard, forgetting the woman with which he 
has mated, knowing neither her offspring nor his parents, living like a beast, only 
without the instinct and the resources of the beasts. You will find it in books 
that this state is the true estate of man, and that we have merely degenerated 
pitiably since we left it. But Ido not think that this solitary life ascribed to 
our forefathers is in human nature at all. If I am not mistaken, we are in the 
first rank of the gregarious animals, much as bees, wasps, and the like. If you 
come across a strayed bee, ought you to infer that this bee is in the state of mere 
nature, and that those which work in association in the hive have degenerated ? 
All men do live in Society: can you infer from that, that there was a time when 
they did not?’ ‘Man in general has always been what he is. That does not 


1 Chamisso, Works, i, 119. 
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mean that he has always had fine cities and so on: but he has always had the 
same instinct which leads him to feel affection for himself, for the companion of 
his toils, for his children, and so forth. That is what never changes, from one 
end of the world to the other. As the basis of society is always in existence, 
there always is some society. We were not made to live after the manner of 
bears’—a clear hit at the favourite simile of Montesquieu. ‘It is therefore de- 
monstrated that Nature alone inspires us with the useful conceptions which 
precede all our thoughts, In morals it is the same. We all have two instincts 
which are the basis of society, pity and justice.’ ! 

From this fundamental’ uniformity of the human mind, which Voltaire 
assumes and defends, it follows that certain fundamental ideas recur everywhere, 
under suitable circumstances, more especially such religious dogmas as the con- 
ception of the immortality of the soul. In this conception it will be seen that 
Voltaire at the same time reverts almost completely to the anthropological stand- 
point of Aristotle, and anticipates by a century the philosophic position of 
Bastian. But it is also clear that Voltaire’s mode of arriving at the Natural 
State of Man does not differ in its method from that of his predecessors. Both 
alike discover it by the process of subtracting from human nature, as we know 
it, all that can be traced to the operation of any positive prescription or 
observance. What each side finds lying behind this customary stratum of 
human nature, whether sheer passivity, or positive qualities of a selfish 
tendency, or otherwise, depends, as before, partly on the prejudices of the 
observer, but mainly on the current phase of emphasis on this or that section of 
what was known. 


Christopher Meiners. 


The new attitude towards Rousseau is well illustrated by the criticism of 
Christopher Meiners, whose ‘ Historical Comparison of the Customs and Consti- 
tutions, the Laws and Industries, the Trade and Religion, the Sciences and 
Educational Institutions of the Middle Ages’ was published at Hanover in 1793. 
‘Experience, history, and sound reason,’ he says, ‘are mishandled (by Rousseau) 
with unprecedented audacity. On all sides false or distorted facts are treated as 
fundamental, and the best known and best attested observations are misinterpreted 
or left on one side.’? ‘Among the poets of enlightened peoples there is hardly 
to be found any fiction so utterly in conflict with experience and history as 
Rousseau’s picture of the State of Nature, and of Natural Man. But Meiners’ 
criticism is directed wholly against Rousseau’s ignorance of anthropological fact, 
and most particularly of facts about ‘modern savages’; not against the principles 
of his method. For, as Meiners himself contends, ‘ the most important conditions 
in which considerable sections of the human race have been or are now to be 
found, are the conditions of savagery and barbarism, of incipient, or half-com- 
pleted, or entire enlightenment.’ ‘ Human history devotes its particular attention 
to the savages and barbarians of all parts of the world, who have never produced 
the smallest perceptible change in the fortunes of humanity as a whole ; because 
often a single small horde of savages and barbarians can make greater con- 
tributions to the knowledge of human nature than the most magnificent peoples 
who ever conquered and devastated a continent.’ And Meiners goes on to hit 
also Montesquieu for his failure to appreciate the contribution of savages to 
political philosophy. Here we have clearly the beginnings of the modern 
comparative method, with its search for uncontaminated survivals of primitive, 
though not strictly ‘ pre-social’ states. 


Herder. 


But it is mainly to Herder that the expression of the new movement is due ; 
and it is his ‘ Thoughts on the History of Mankind ’ that makes the first systematic 


1 Voltaire, Huvres, xi. 19, 21; see also Rousseau’s reply to this position, Discowrs 
sur Vorigine et les fondemens de Vinégalité parmi les hommes, p. 170. 

2 Vol. i. pp. 7, 16, 18. : 

3 Herder, Ideen zur Geschichte der Menschheit. 
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attempt to solve the problem of the development of man and his culture, and to 
create, in the modern sense, a Science of Man. 

‘ Already in comparatively early years,’ he says, ‘when the field of knowledge lay 
before me in all that morning glory from which life’s midday sun detracts so much, 
the idea often besets me, since everything in the world has its philosophy and 
science, ought not human history, which after all lies nearest to ourselves, to have 
in a general sense its philosophy and science also?’ He argues, thereupon, that 
we must discard speculation and follow experience simply. ‘ When, therefore, we 
set about philosophising upon the history cf our species, let us forswear, as far 
as possible, all narrow forms of thought which are derived from the culture of a 
single region, or even of a single school. It is not what man is among ourselves 
nor what he ought to be in the conception of any dreamer whatever ’—this is 
clearly aimed at Rousseau—‘ but what he is on the earth in general, and at the 
same time in every single region in particular; or rather, what it is to which the 
rich multiplicity of accidents in the hands of Nature has had the power to train 
him, This is what we are to regard as the purpose of Nature for him.’ 

Herder, that is, conceives it as possible, at the same time to determine 
inductively what Man is in himself, and to determine by simple description 
what he actually is (or rather what men actually are) under the various different 
conditions in which we find him. But he insists on the distinction between 
these two modes of regarding Man, or Men; and rightly, for it is the confusion 
between the description of this or that kind of uncivilised Man—Iroquois, 
Hottentot, or South Sea Islander—and the guess that uncivilised Man every- 
where must have such and such qualities or defects of qualities, which had in fact 
produced all the discrepancies between the previous theories of a Pre-Social state. 

Writing when he did, Herder of course was but little more capable than his 
predecessors of delineating human nature in detail on inductive lines. His merit 
lies in the clearness with which he gripped and stated the conditions of the 
problem; in an advance of method, which came just in time to guide the 
theoretical treatment of a vast mass of new data. At the same time he did 
accomplish a good deal, even as regards the filling in of the picture, In particular 
he marks the turn of the tide from the philosophy of the Pre-Social State towards 
the old Aristotelian conception of Man as asocial animal. Both Hobbes and Locke, 
though not I think anywhere named, come in for effective criticism. ‘There 
have been philosophers,’ he says, ‘ who on account of this instinct of self-preserva- 
tion have classified our species among the Carnivora, and made out its natural 
state to be a state of war. Of course when Man plucks the fruit of a tree he is 
a robber; when he kills'an animal he is a murderer; and when—with a 
footstep, with a breath, perhaps—he takes the life of myriads of invisible 
creatures, he is the most brutal oppressor on earth . . . But put Man 
among his brethren, and ask the question, Is he naturally a beast of prey 
to his own kind, is he an “ unsocial” being? In his physical shape he is clearly 
not the former, by his birth still less the latter.’ Herder is thus returning 
afresh to the Aristotelian conception of the parental bond as the complement and 
remedy of the long helpless infancy. Herder’s ideal Man has, in fact, a Humanity 
which is in itself an end, an ideal, not a pre-social attribute, and just for this 
reason Humanity exists potentially in all members of the species, however small 
their progress towards realising it, or however eccentric the results of their social 
activity. ‘Look at the godlike laws and regulations of Humanity, which emerge, 
if only in the merest traces, among the most savage peoples. Can they really 
have been invented by the exercise of reason only after the lapse of thousands of 
years? Can they really owe their origin to this changeful sketch, this man-made 
abstraction? I cannot believe it, even from the standpoint of history. If men 
had been distributed like animals on the earth’s surface, to invent for themselves 
the inner form of Humanity, we should still find mere human stocks, without 
language, without reason, without religion or morals; for as Man was created 
such is he still upon the earth.’ 


The Patriarchal Theory, 


All these theories of a Social Contract as the starting-point of human 
societies presupposed, as we have seen, that mankind had actually passed 
1909. 
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hrough a Pre-Social State ; and the proof which had been offered of this supposi- 
tion, though partly theoretical and @ prior, had partly also been inductive and 
based on experience. Further, the experience of ‘primitive Man’ which was 
actually open to the philosophers of the seventeenth and early eighteenth 
centuries had been, in fact, such as to force the conclusion not merely that a Pre- 
Social State had once existed, but that some barbarous peoples had not yet 
emerged from it. It was a sad error of observation, as we now know, which led 
to that conclusion; but given the travellers’ tales, in the form in which we can 
read them in the ‘Cosmographies’ and ‘ Voyages’ of the time, I do not see how 
that conclusion could have been avoided without culpable neglect of such evidence 
as there was. If blame is to be assigned in this phase of inquiry at all, it is tobe 
assigned to the travellers and traders, for making such poor use of their eyes and 
ears. All, however, that I am concerned to establish at present is this, that one 
of the most important and far-reaching speculations of modern political philo- 
sophy, the speculation as to a Pre-Social Condition of Mankind, and a Social 
Contract which ended it and brought in Society and the State, arose directly 
and inevitably from the new information as to what primitive man was and did, 
when he was studied in the seventeenth century at Tombutum, or Saldanha 
Bay, or the ‘ backwoods of America,’ or the ‘ bank of the Orinoco River.’ 

But the Social Contract Theory has long since passed out of vogue. Its 
political consequences are with us to-day, like the political consequences of the 
belief in the Divine Right of Kings; but the theories themselves are dead, 
and likely to remain so. Plato and Aristotle, with their belief in Man as a 
Naturally Social Animal, have come by their own again, for most of us, if not 
for all; and the search for an ideal State, which shall realise and fulfil Man’s 
social instincts, is again in full cry. 

What part, if any, has the direct study of barbarous people played at this 
fresh turn of the wheel? Let us look once again at the state of geographical 
knowledge, and more particularly, as before, at the regions in which by transi- 
tory chance of circumstances, there was most to be learned at the moment. 
First, the British occupation of India was the occasion, on the one hand, of the 
discovery of Sanskrit, the creation of this science of comparative philology, and the 
demonstration of a new link of cultural affinity over the whole realm of Aryan 
speech. The same political event led no less directly to the discovery of the 
patriarchal structure of Hindoo society, and so through the comparative study of 
Indian, Roman, and ancient Celtic and Teutonic law to an inductive verification 
of Aristotle’s doctrine of the ‘ naturalness’ of patriarchal society. This doctrine 
dominated political science for nearly fifty years. ‘The effect of the evidence 
derived from comparative jurisprudence,’ Sir Henry Maine could write in 1861,* 
‘is to establish that view of the primeval conditions of the human race which is 
known as the Patriarchal Theory. There is no doubt, of course, that this theory 
was originally based on the Scriptural theory of the Hebrew patriarchs in Lower 
Asia. ... It is to be noted, however, that the legal evidence comes nearly 
exclusively from the institutions of societies belonging to the Indo-European 
stock, the Romans, Hindoos, and Sclavonians supplying the greater part of it; 
and indeed the difticulty, at the present stage of the inquiry, is to know where to 
stop; to say of what races of men it is not allowable to lay down that the society 
in which they are united was originally organised on the patriarchal model,’ 
And he refers explicitly to the former controversy between Filmer and Locke, to 
point out how the tables had now been turned upon the latter. 

Thus in the half-century which intervenes between Herder and Maine the 
political philosophy of Europe seemed to have turned almost wholly from 
exploration to introspection; from the Pacific to early Rome and the German 
forests; and from the study of survivals in the modern practice of savages, to that 
of primeval usages betrayed by the speech and customs of the civilised world. 
It was Aristotle over again, with his appeal to custom, ancestral belief, and 
canonical literature, following hard upon the heels of the visionary revolutionary 
Plato. Maine’s own words, indeed, about Rousseau* would be applicable almost 
without change to the course of Greek thought in the fourth century B.c. ‘ We 


} Maine, Ancient Lan, pp. 122-3. 2 Ibid. pp. 86-9, 
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have never seen in our own generation,’ he says, ‘ indeed the world has not seen 
more than once or twice in all the course of history, a literature which has 
exercised such prodigious influence over the minds of men, over every cast and 
shade of intellect, as that which emanated from Rousseau between 1749 and 
1762. It was the first attempt to re-erect the edifice of human belief after the 
purely iconoclastic efforts commenced by Bayle, and in part by our own Locke, 
and consummated by Voltaire; and besides the superiority which every con- 
structive effort will always enjoy over one that is merely destructive, it possessed 
the immense advantage of appearing amid an all but universal scepticism as to 
the soundness of all foregone knowledge in matters speculative, . . . The great 
difference between the views is that one bitterly and broadly condemns the 
present for its unlikeness to the ideal past, while the other, assuming the present 
to be as necessary as the past, does not affect to disregard or censure it.’ 

I have devoted some space to these first steps of Linguistic Paleontology and 
Comparative Jurisprudence because the method of inquiry which they announced 
promised at first sight to make good a very serious defect in the instruments 
of anthropological research. Human history, outside of Europe and of one 
or two great Oriental States like China, hardly went back beyond living 
memory ; even Mexico had no chronicles beyond the first few hundred years, 
and the records of old-world States like China, which at first sight offered 
something, turned out on examination to have least to give. They had lived 
long, it is true, but their lives had been ‘childlike and bland,’ devoid of change, 
and almost empty of experience. Consequently there was no proof that the 
‘wild men’ of the world’s margins and byways were really primitive at all. 
The Churches held them children of wrath, degenerate offspring of Cain; the 
learned fell back upon pre-Adamite fictions to palliate, rather than to explain, their 
invincible ignorance of Europe and its ways. Here, however, in the new light 
thrown by the history of speech, there seemed to he a prospect of deep insight into 
the history of humansocieties. Disillusionment came in due course when doctors dis- 
agreed; but illusion need never have taken the form it did, had either the philo- 
logists or the philosophers realised that all the really valuable work was being done 
within the limits of a single highly special group of tongues ; that: the very cir- 
cumstance that this group of tongues had spread so widely, pointed to some strong 
impulse driving the men who spoke them into far-reaching migrations; that one 
of the few points upon which linguistic paleontologists were really unanimous 
was that both the Indo-European and the Semitic peoples, in their primitive 
condition, were purely pastoral; and that this pastoral habit was itself an almost 
coercive cause for their uniformly patriarchal organisation. The last point, 
however, belongs so completely to another phase of our story that it is almost an 
anachronism to introduce it here. It serves however to indicate, once again, if 
that be necessary, how completely the philosopher, and even the man of science, 
is at the mercy of events in the ordering of his search after knowledge. It is, 
indeed, almost true to say that if the primitive Aryan had not had the good fortune 
not merely to live on a grass-land, but also to find domesticable quadrupeds there, 
there could no more have been a science of comparative philology in modern 
Europe, than there could be among the natives of your own Great Plains or of 
the Pacific Coast : for in no other event would there have been any such ‘family 
of languages’ to compare. 

In the absence of warning thoughts like these, however, the comparative 
philology and the comparative law of the patriarchal peoples of the North-West 
Quadrant and of India went gaily on. What Maine had done for India, Maine 
himself, with Solm and von Maurer, in Germany; Le Play, de Laveleye, and 
d’Arbois de Joubainville in France; W. F. Skene in far-off Scotland; Whitley 
Stokes and others in Ireland; Rhys in Wales; and Mackenzie Wallace and 
Kovalevsky in Russia, had done for the early institutions of their respective 
countries: all emphasising alike the wide prevalence of the same common type of 
social structure, based upon the same central institution, the Patriarchal Family, 
with the Patria Potestas of its eldest male member as its overpowering bond of 
union; and Maine’s own words do not the least exaggerate the beliefs and 
expectations which were evoked by this new aspect of the Study of Man. 

RR2 
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The Matriarchate in Southern India, Africa, and North America. 


The Patriarchal Theory lasted barely fifty years. It had owed its revival, as 
we have seen, to two fresh branches of research, comparative jurisprudence and 
comparative philology, both stimulated directly by the results of European ad- 
ministration in Northern India. It owed its decline to the results of similar 
inquiries in other parts of the world, stimulated no less directly by other phases 
of the great colonising movement, which marks, above all other things, the cen- 
tury from 1760 to 1860. Here again a small number of examples stand out as 
the crucial instances. British administration in India had, of course, been extended 
over the non-Aryan south, as well as over the north; and in Travancore, and 
other parts of the Madras Presidency, British commissioners found themselves con- 
fronted with types of society which showed the profoundest disregard of the Patri- 
archal Theory. Like the Lycians of Herodotus, these perverse people‘ called them- 
selves after their mothers’ names’: they honoured their mother and neglected their 
father, in society and government, as well as in their homes; their administration, 
their law, and their whole mode of life rested on the assumption that it was the 
women, not the men, in whom reposed the continuity of the family and the 
authority to governthe State. Here was a parecbasis, a‘ perverted type’ of society, 
worthy of Aristotle himself. It isa type which, as a matter of fact, is widely 
distributed in Southern and South-eastern Asia, and had been repeatedly 
described by travellers from the days of Tavernier (in Borneo) and Laval (in the 
Maldive Islands), if not earlier still. It existed also in the New World, and 
Lafitau had already compared the Iroquois with the ancient Lycians. But it 
was Buchanan’s account of the Nairs of the Malabar Coast, published in 1807, 
which came at the ‘ psychological moment,’ and first attracted serious attention. 
At the other extremity of India, also, analogous customs were being recorded, 
about the same time, by Samuel Turner in Tibet, which might have given pause 
at the outset to the speculators who hoped to base general conclusions on any- 
thing so special and peculiar as the customs of Aryan India. 

Similar evidence came pouring in during the generation which followed; 
partly, it is true, as the result of systematic search among older travellers, but 
mainly through the intense exploitation of large parts of the world by European 
traders and colonists. Conspicuous instances are the Negro societies of Western 
and Equatorial Africa, first popularised by the republication of William Bosman’s 
‘Guinea’ (1700), in Pinkerton’s ‘General Collection of Voyages and Travels’ 
(London, 1808, &c.), and by Proyart’s ‘ Histoire de Loango’ (1776), which also 
reached the English public in the same invaluable collection. But it was from 
the south that the new African material came most copiously, in proportion as 
the activity of explorers, missionaries, and colonists was greater. Thunberg’s 
account of the Bechuanas ! takes the lead here ; but for English thought the prin- 
cipal authorities are, of course, John Mackenzie* and David Livingstone.° 

It was not to be expected that America, which had made such remarkable 
contributions to the study of Man in the seventeenth and eighteenth centuries, 
should fall behind in the nineteenth, when its vast resources of mankind, as of 
Nature’s gifts, were being realised at last. From Hunter,* Gallatin,’ and 
Schooleraft,® in the twenties, to Lewis Morgan’ in 1865, there was hardly a 
traveller ‘out West’ who did not bring back some fresh example of society 
destructive of the Patriarchal Theory. 

As often happens in such cases, more than one survey of the evidence was in 


1 Pinkerton, vol. xvi. 

2 John Mackenzie, Ten Year's North of the Orange River (1859-69). Edinburgh, 1871. 

3 David Livingstone, Narrative of an Expedition to the Zambesi and its Tributaries 
(1858-64). London, 1865. 

4 Hunter, Manners and Customs of several Indian Tribes located West of the 
Mississippi. Philadelphia, 1823. 

5 Gallatin, Archéologia Americana. Philadelphia (from 1820 onwards). 

® Schoolcraft, Travels in the Central Portions of the Mississippi Valley (New York, 
(1825) ; Notes on the Iroqwis (1846). 

7 Lewis H. Morgan, Proc. Am. Acad. Arts and Sciences, vii. 1865-8. 
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progress simultaneously. Bachofen was the first to publish,' and it is curious 
that his great book on ‘ Mother-right’ appeared in the very same year as Maine’s 
‘Ancient Law.’ Lubbock’s ‘ Prehistoric Times,’ in the next year, represents the 
same movement of thought in England in a popular shape, but almost inde- 
pendently. In America, Lewis Morgan, whom I have noted already as an able 
interpreter of Iroquois custom, followed up his detailed studies of Redskin law by 
a Smithsonian monograph in 1871 on ‘Systems of Consanguinity and Affinity of 
the Human Family,’ and, in 1877, by his book on ‘ Ancient Society.’ Meanwhile 
Post had published his great work on the ‘ Evolution of Marriage ’? in 1875, and 
J. F. McLennan his first ‘Studies in Ancient History’ in 1876. It was the 
generation of Darwin and of the great philologists, as we have seen, and 
‘survivals’ were in the air: Dargan® pointed out traces of the Matriarchate 
in the law and custom of Germany, and Wilken‘ in those of early Arabia. 
The period of exploration, if I may so term it, closed on this aspect of the 
subject with Westermarck’s ‘ History of Human Marriage,’ which was published 
in London in 1891. 


Australian Evidence : Totemism and Classificatory Kinship. 


I have now mentioned India, South Africa, and North America, three 
principal fields of English-speaking enterprise during the nineteenth century, and 
have indicated the contribution of each to modern anthropology in its bearing 
on political science. Only Australia remains; and, though Australia’s task has 
been shared more particularly with North America, I shall be doing no injustice 
to Lewis Morgan or to McLennan if I couple with their names those of Fison 
and Howitt,° as the discoverers of classical instances of societies which observe 
neither paternal nor maternal obligations of kinship as we understand them, but 
have adopted those purely artificial systems of relationships which in moments 
of elation we explain as ‘ Totemic,’ or, in despair, describe as ‘ classificatory.’ 


Hermann Post: Comparative Jurisprudence. 


Our retrospect, therefore, of the last fifty years shows clearly once again 
how intimately European colonisation and anthropological discoveries have gone 
hand in hand: first to establish a ‘ Matriarchal Theory’ of society as a rival of the 
- Patriarchal; and then to confront both views alike with the practices and with 
the theories of ‘ Totemism.’ 

From the point of view of political science, all this mass of inquiries finds 
applications already in more departments than one; though it is probably still 
too early to appraise its influence adequately. The new Montesquieu has 
not yet arisen to interpret to us the ‘Spirit of the Laws.’ Most directly, 

erhaps, we can trace such influence in the ‘Comparative Jurisprudence’ of 

ermann Post, whose first work on the ‘Evolution of Marriage’ appeared, as 
we have seen, in 1875. Post’s general attitude is best seen in his ‘ Introduction 
to the Study of Ethnological Jurisprudence,’ which was published in 1886, 
and in his ‘ African Jurisprudence’ of 1887.° As the result of a survey of 
social organisations, considered as machinery in motion, Post points out very 
justly that it is useless to attempt to explain social phenomena on the basis of 


1 Bachofen, Das Mutter-recht. Stuttgart, 1861. 

? Hermann Post, Die Geschlechtsgenossenschaft der Urzeit und die Entstehung 
der Ehe. Oldenburg, 1875. 

3 Dargan, Mutter-recht und Raub-ehe und ihre Reste im Germanischen Recht und 
Leben. Breslau, 1883. 

* Wilken, Das Matriarchat bei den alten Arabern. Leipzig, 1884. 

> Fison and Howitt, Kamilaroi and Kurnai. Melbourne and Sydney, 1880. 

®° Hermann Post, Linleitung in das Studiwm der ethnologischen Jurisprudenz 
(Oldenburg 1886); Afrikanische Jurisprudenz (1887). His position is, however, already 
clear in his first synthetic work, Der Ursprung des Rechts, 1876, as well as in his 
earlier book on Marriage. For a good summary of Post’s views see Th. Achelis, Die 
Entwickelung der modernen Ethnologie (Benin, 1889), p. 113-128, and the same writer’s 
Moderne Ethnologie (1896). 


614 TRANSACTIONS OF SECTION H. 


the psychological activities of individuals, as is too commonly assumed, because all 
individuals whose conduct we can possibly observe have themselves been educated 
in some society or other, and presume in all their social acts the assumptions on 
which that society itself proceeds. ‘I take the legal customs of all peoples of the 
earth,’ so he wrote in 1884,'‘ the residual outcome of the living legal consciousness 
of humanity, for the starting-point of my inquiry into the science of law ; and then, 
on this basis, I propound the question, What is law ? If by this road I arrive even- 
tually at an abstract conception of law, or at an ideaof law, then the whole fabric so 
created consists, from base to summit, of flesh and blood,’ It is the same method, 
of course, which had already yielded such remarkable results to Montesquieu, and 
even to Locke. The point of view is no longer that of a Maine or a McLennan, 
students of patriarchal or of matriarchal institutions by themselves. It is that 
of a spectator of human society as a whole; and such a point of view only became 
possible at all when it was already certain that no great section of humanity 
remained altogether unexplored, however fragmentary our knowledge might 
still be of much that we ought to have recorded. And its immediate outcome has 
been to throw into the strongest possible relief the dependence of the form and, 
still more, of the actual content of all human societies on something which is not 
in the human mind at all, but is the infinite variety of that external Nature which 
Society exists to fend off from Man, and algo to let Man dominate if he can. 

This was, of course, already the standpoint of Comte, with his emphasis on 
the monde ambiant. But Comte, the citizen of a State which except in Canada 
had failed to colonise, and therefore had little direct contact with non-European 
types of society, confined himself far too exclusively to European data. His 
strength is precisely where the science of France was so magnificently strong in 
his day, in the domain of pure physics; it is his analogies between politics and 
physics which are so illuminating in his work, as in that of his English compeer, 
Herbert Spencer ;* and it is the weakness of both in the direction of anthropology 
which mainly accounts for the shortness of their respective vogues. 


Friedrich Ratzel ; Anthropo-geography. 


At the point which we have now reached in this rapid survey of our science, 
it was obviously to Geography—the systematic study of those external forces of 
Nature as an ordered whole—that Anthropology stretched out its hands; and it 
did not ask in vain. But while English geography had remained exploratory, 
descriptive, and (like English geology) historical in its outlook, the new German 
science of Erdkunde— earth-knowledge’ in the widest sense of the word—had 
already come into being, on the basis of the labours of Ritter and the two Hum- 
boldts, and under the guidance of such men as Wagner, Richthofen, and Bastian; 
the last named also an anthropologist of the first rank. It was thus to a dis- 
tinguished pupil of Wagner, Friedrich Ratzel, that anthropology owed, more 
than to any other man, the next forward step on these lines. In Ratzel’s mind, 
History and Geography went hand in hand as the precursors of a scientific An- 
thropology.* History to define when, and in what order, Man makes his conquests 
over Nature ; Geography to show where, and within what limits, Nature presents 
a conquerable field for Man. Much of this, of course, was already implicit in the 
teaching of Adolf Bastian, whose monumental volumes on ‘ Man in History’ had 
appeared at Leipzig as early as 1860; his ‘ Contributions to Comparative Psycho- 
logy’ in 1868; and his ‘ Legal Relations among the Different Peoples of the Earth’ 
in 1872*—three years before Post’s first essay. But Bastian, inaccessible for 
years together in Tibet or Polynesia, was rather an inspiration to a few intimate 
colleagues than a great propagandist; and besides, it was not till the appearance 


Post, Die Grundlagen des Rechts (1884). 

* Compare Quetelet’s Lssai de Physique Sociale (1841), as a symptom of the trend 
of French thought at this stage. 

* Ratzel, Anthropo-geographie. Leipzig, vol. i. 1882; ii. 1891. 

* Bastian, Der Mensch in der Geschichte (Leipzig, 1860); Beitrage zur vergleichen- 
den Psychologie (Berlin, 1868); Rechtsverhdltnisse bei verschiedenen Vilkern der Erde 
(Berlin, 1872). 
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of his ‘ Doctrine of the Geographical Provinces’ in 1886! that he touched on 
this precise ground, and by that time Ratzel’s ‘ History of Man’ had already been 
out for a year.” 


Epilogue. 


These examples, I think, are sufficient to show how intimately the growth of 
political philosophy has interlocked at every stage with that of anthropological 
science. Each fresh start on the never-ending quest of Man as he ought to be has 
been the response of theory to fresh facts about Man as he is. And, meanwhile, 
the dreams and speculations of one thinker after another—even dreams and 
speculations which have moved nations and precipitated revolutions—have ceased 
to command men’s reason when they ceased to accord with their knowledge. 

And we have seen more than this. We have seen the very questions which 
philosophers have asked, the very problems which perplexed them, no less than 
the solutions which they proposed, melt away and vanish, as problems, when the 

erspective of antbropology shifted and the standpoint of observation advanced, 

his is no new experience ; nor is it peculiar either to anthropology among the 
natural sciences, or to political science among the aspects of the Study of Man. 
It is the common law of the mind’s growth, which all science manifests, and all 
philosophy. 

And now I would make one more attempt to put on parallel lines the course of 
anthropology and of political thinking. It is not so very long ago that a great 
British administrator, returning from one of the gravest trials of statesmanship which 
our generation has seen, to meet old colleagues and class-mates at a college festival, 
gave it to us as the need he had most felt, in the pauses of his administration, that 
there did not exist at present any adequate formulation of the great outstanding 
features of our knowledge (as distinct from our creeds) about human societies and 
their mode of growth, and he commended it to the new generation of scholarship, 
as its highest and most necessary task, to face once more the question: What 
are the forces, as far as we can know them now, which, as Aristotle would have 
put it, ‘maintain or destroy States’ ? 

But if a young student of political science were to set himself to this life work, 
where could he turn for his facts? What proportion of the knowable things 
about the human societies with which travellers’ tales and the atlases acquaint 
him could he possibly bring into his survey, without a lifetime of personal 
research in every quarter of our planet ? 

I have in mind one such student setting out this coming session to investigate, 
on the lines of modern anthropology, the nature of Awthority and the circum- 
stances of its rise among primitive men; and the difficulty at the outset is pre- 
cisely as I have described. In the case of the ‘ black fellows’ of Australia such a 
student depends upon the works of some four or five men, representing (at a 
favourable estimate) one-twentieth even of the known tribes of the accessible 
parts of that continent. For British South Africa he would be hardly better 
served; for British North America, outside the ground covered in British Columbia 
by Boas and Hill-Tout, he would have almost the field to himself; and the pro- 
spect would seem to him the drearier and the more hopeless when he compared 
it with things on the other side of the forty-ninth parallel. ; 

Now, our neighbours south of that line have the reputation of being practical 
men; in other departments of knowledge they are believed to know well ‘ what 
pays.” And I am forced to believe that it is because they know that it pays to 
know all that can still be known about the forms of human society which are 
protected and supervised from Washington, that they have gone so far as they 
have towards rescuing that knowledge from extinction while still there is time. 
The Bureau of Ethnology of the United States of America is the most systematic, 
the most copious, and, I think, taking it all in all, the most scientific of the public 
agencies for the study of any group of men, as men. The only other which can be 
compared with it is the ethnographical section of the last census of India, and that 


1 Bastian, Zur Lehre von den geographischen Provinzen. Berlin, 1886. 
? Ratzel, Volkerkunde (Leipzig, 1885). His method is best studied in the first 
volume of his Anthropo-geographie (Leipzig, 1882). 


616 TRANSACTIONS OF SECTION H. 


was an effort to meet, against time, an emergency long predicted, but only suddenly 
foreseen by the men who were responsible for giving the order. Thus, humanly 
speaking, it is now not improbable that in one great newly-settled area of the 
world every tribe of natives, which now continues to inhabit it, may at least be 
explored, and in some cases really surveyed, before it has time to disappear. But 
observe, this only applies to the tribes which now continue to exist; and what a 
miserable fraction they are of what has already perished irrevocably! It is no 
use crying over spilt milk, as I said to begin with; the only sane course is to be 
doubly careful of whatever remains in the jug. 


An Ethnological Survey for Canada. 


And now I conclude with a piece of recent history, which will point its own 
moral. When the British Association met first outside the British Isles, it 
celebrated its meeting at Montreal by instituting, for the first time, a section for 
Anthropology ; and it placed in the chair of that section one of the principal 
founders of modern scientific anthropology, Dr. Edward Burnett Tylor, then 
recently installed at Oxford, and still the revered Professor of our science there. 
Through his influence mainly, but with the active goodwill of the leading names 
in other sciences in Canada, a research committee was formed to investigate the 
north-west tribes of the Dominion; and for eleven consecutive years expeditions 
wholly or partly maintained by this Association were sent to several districts of 
British Columbia. These expeditions cost the Association about £1,200 in all. 
I am glad to think that the chief representative of this Committee’s work, Dr. 
Franz Boas, has long since realised, in his great contributions to knowledge, the 
high hopes which his early reports inspired. 

‘When the Association met the second time on Canadian soil, at Toronto, the 
occasion seemed opportune for a fresh step. Dr. Boas had already undertaken 
work on a larger scale and under other auspices. But it was thought likely that 
if a fresh Committee of the Association were appointed, with wider terms of 
reference and further grants, it would be possible to select and to train a small 
staff of Canadian observers, and by their means to produce such a series of 
preliminary reports on typical problems of Canadian anthropology as would satisfy 
the Dominion Government that the need for a thorough systematic survey was 
a real one, and that such a survey would be practicable with the means and the 
men which Canada itself could supply. Among the leading members of this 
Ethnographic Survey Committee I need only mention three—the late Dr. George 
Dawson, Mr. David Boyle, and Mr. Benjamin Sulte, each eminent already in his 
own line of study, and all convinced of the great scientific value of what was 
proposed. The first year’s enterprise opened well ; workers were found in several 
’ districts of Canada; the Association sent out scientific instruments, and formed 
in London a strong consultative committee to keep the Canadian field-workers 
in touch with European students of the subject. But the premature death of 
George Dawson in 1901 broke the mainspring of the machine; the field-workers 
fell out of touch with one another and with the subject ; the instruments were 
scattered, and in 1904 the Ethnographic Survey Committee was not recommended 
for renewal. 

I need not say how great a disappointment this failure has been to those of us 
who believe that in this department of knowledge Canada has great contributions 
to make, and who know—as this Meeting too knows perfectly well—that if this 
contribution to knowledge is not made within the next ten years, it can never be 
made at all. I am not speaking merely of the urgency of exact study of the 
Indian peoples. This indeed is obvious and urgent enough; and the magnifi- 
cent results of organised effort in the United States are there to show how much 
you too can still rescue, if you will. But at the moment I appeal rather 
for the systematic study of your own European immigrants, that stream of 
almost all known varieties of white men with which you are drenching yearly 
fresh regions of the earth’s surface, which if they have had experience of human 
settlements at all, have known man only as a predatory migratory animal, 
more restless than the bison, more feckless and destructive than the wolf. 
Of your immigrants’ dealings with wild nature you are indeed keeping rough, 
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undesigned record in the documents of your Land Surveys, and in the statisties 
of the spread of agriculture over what once was forest or prairie; and in time 
to come, something—though not, I fear, much—will exist to show what good 
(and as likely as not, also, what irremediable harm) this age of colonisation has 
done to the region as a whole. But what you do not keep record of is Nature's 
dealings with your immigrants; you do not kAnow—and as long as you omit to 
observe you are condemned not to know—the answer to the simple, all-important 
question, What kinds of men do best in Canada? What kind of men is Canada 
making out of the raw material which Europe is feeding into God’s Mills on this 
side? 

Over in England, we are only too well aware how poor a lead we have given 
you. We, too, for a century now, have been feeding into other great winnowing 
chambers the raw crop of our villagers. We have created (to change the metaphor) 
in our vast towns great vats of fermenting humanity, under conditions of life 
which at the best are unprecedented, and at their worst almost unimaginable. 
That is ow great experiment in modern English anthropology— What happens to 
Englishmen in City-slums ? and we shall hear, before this Meeting ends, something 
of the methods by which we are attempting now to watch and record the 
outcome of that experiment in the making of the English of to-morrow. We 
are beginning to know, in the first place, what types of human animal can 
tolerate and survive the stern conditions of modern urban life. We are learning, 
still more slowly, what modes of life, what modified structure of the family, 
of the daily round, of society at large, can offer the adjustment to new needs 
of life which human nature demands under this new, almost unbearable strain. 
We are seeing, more clear in the mass, even if hopelessly involved in detail, the 
same process of selection going on in the mental furniture of the individuals 
themselves; new views of life, new beliefs, new motives and modes of action; 
new, if only in the sense that they presuppose the destruction of the old. 

That is our problem in human society at home. And yours, though it has a 
brighter side, is in its essentials the same. Geographers can tell you something 
already of the physical ‘control’ which is the setting to all possible societies on 
Canadian soil. Scientific study of the vanishing remnants of the Redskin tribes 
may show you a little of the effects of this control, long continued, upon nations 
whom old Heylin held to be ‘ doubtless the offspring of the Tartars.’’ Sympathetic 
observation and friendly intercourse may still fill some blanks in our knowledge 
of their social state ; how hunting or fishing—or, in rare cases, agriculture —forms 
and reforms men’s manners and their institutions when it is the dominant interest 
in their lives. But what climate and economic habit have done in the past with 
the Redskins, the same climate and other economic habits are as surely doing 
with ourselves. In the struggle with Nature, as in the struggle with other men, 
it is the weakest who go to the wall; it is the fittest who survive. And it is our 
business to know, and to record for those who come after us, what manner of 
men we were, when we came; whence we were drawn, and how we are distributed in 
this new land. An Imperial Bureau of Ethnology, which shall take for its study all 
citizens of our State, as such, is a dream which has filled great minds in the past and 
may some day find realisation. A Canadian Bureau is at the same time a nearer 
object, and a scheme of more practicable size. In the course of this Meeting, 
information and proposals for such a Bureau of Ethnology are to be laid before 
this section by more competent authorities than I. My task has only been to 
show, in a preliminary way, what our science has done in the past, to stimulate 
political philosophy, and to determine its course and the order of its discoveries. 

‘Some men are borne,’ said Edward Grimstone just three centuries ago, ‘so 
farre in love with themselves, as they esteeme nothing else, and think that 
whatsoever fortune hath set without the compasse of their power and government 
should also be banished from their knowledge. Some others, a little more 
carefull; who finding themselves engaged by their birth, or abroad, to some one 
place, strive to understand how matters pass there, and remaine so tied to the 
consideration of their owne Commonweale, as they affect nothing else, carrying 
themselves as parties of that imperfect bodie, whereas in their curiositie they 
should behave themselves as members of this world.’ It is as ‘members of this 
world,’ I hope, that we meet together to-day. 
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The following Reports and Paper were then read :— 


1. Report on the Investigation of the Lake Villages in the Neighbour- 
hood of Glastonbury.—See Reports, p. 270. 


2. Report on Excavations on Roman Sites in Britain. 
See Reports, p. 271. 


3. Report on the Age of Stone Circles.—See Reports, p. 271. 


4. Report on the Preparation of a New Edition of ‘ Notes and Queries 
in Anthropology.’—See Reports, p. 285. 


5. Report of the Anthropological Photographs Committee. 
See Reports, p. 285. 


6. Report of the Committee to Organise Anthropometric Investigation 
in the British Isles.—See Reports, p. 286. 


7. Report on Archeological Investigations in British East Africa. 
See Reports, p. 286. 


8. Interim Report on the Establishment of a System of Measuring 
Mental Characters. 


9. Race-types in the Ancient Sculptures and Paintings of Mezico and 
Central America. By Miss A. OC. Breton. 


The different race-types in the ancient sculptures and paintings found 
in Mexico and Central America form an important anthropological study. 
An enormous mass of material, evidently of man} periods, includes sculp- 
ture, archaic stone statuettes, the portrait statues and reliefs at Chichen 
Itza, the Palenque reliefs and the series of magnificent stele and lintels at 
Piedras Negras, Yaxchilan, Naranjo, Copan, Quirigua, etc. 

In terra cotta or clay there are the hundreds of thousands of small 
portrait heads and figurines found at Teotihuacan, Otumba, the neigh- 
bourhood of Toluca, and other ancient sites. Larger clay figures have been 
found in quantities in tombs, as in the States of Jalisco and Oaxaca ; these 
were made as offerings, instead of the sacrifice at a chief’s burial of his 
wives and servants. Small jadeite heads and figures, also found in tombs, 
show strongly marked types. If there are few specimens in gold, it is 
because throughout the country the Spaniards ransacked the tombs for 
gold. In painting there are the picture manuscripts, the frescoes at 
Chichen Itza, Chacmultun, and Teotihuacan, and a number of vases with 
figures from Guatemala and British Honduras. 

This material is now available for students in Mr. A. Maudslay’s 
‘Biologia Centralis-Americana, Archeology,’ Dr. E. Seler’s collected works, 
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the publications of the Peabody Museum, and the reproductions of the 
Codices by the Duc de Loubat, also in the splendid collections of the 
Museum fir Voélkerkunde at Berlin, the Mexican Hall of the Natural 
History Museum at New York, and the Peabody Museum. 

Among distinctive types are:—The chiefs in the reliefs at Xochicalco, 
who sit cross-legged ; the little shaven clay heads at Teotihuacan; the tall, 
well-built priests, with protruding lower lip, of the Palenque reliefs; the 
fifteen caryatid statues in feather mantles, of the Upper Temple of the 
Tigers, at Chichen Itza, and the sixteen stern warriors carved at its doors, 
these last similar in type to some of the modern Indians of the villages near 
Tlaxcala. 

There are portraits of the Mexican kings on the border of a picture-map 
which represents the western quarter of Tenochtitlan, and of the house. 
holders in that part of the city. Of female types there are the painted clay 
figures of Jalisco, with compressed heads. Some of them have short, broad 
figures, others are slender. Both types still survive. The queenly women 
in Codex Nuttall-Zouche, and the women-chiefs of the Guatamalan stele, 
belonged to a different caste to the obviously inferior women on those stele, 
fattened in preparation for sacrifice. 

Herr T. Maler’s most recent explorations on the borders of Guatamala 
have given magnificent results, in the finding of thirty-seven stele at Piedras 
Negras, and, at Yaxchilan, of twenty stele and forty-six sculptured lintels. 
The superb figures of warriors and priests indicate a race of men of tall, 
slender stature and oval face, with large aquiline nose, whilst the captives 
appear to be of a different race. 


FRIDAY, AUGUST 27. 
The following Reports and Papers were read :—- 


1, Interim Report on Archeological and Hthnological Researches in 
Crete.—See Reports, p. 287: 


2. Recent Hittite Research. By D. G. Hoaarru, M.A. 


3. Researches in the Maltese Islands in Recent Years. 
By T. Asusy, M.A., D.Litt., and T. E, Peut, M.A. 


Excavations have been conducted by the Government of Malta on the 
Corradino Hill, in which the co-operation of the British School at Rome 
has been cordially welcomed, and its investigations assisted in every way ; 
the supervision has been entrusted to the Director of the School and to Mr. 
T. E. Peet, Student of the School, assisted by the constant co-operation of 
Dr. T. Zammit, Curator of the Museum. The great. megalithic buildings 
of Gigantia, Mnaidra, and Hagar-Kim, which Dr. Arthur Evans considers 
to have been buildings of a sepulchral character in which a cult of departed 
heroes gradually grew up, and other smaller prehistoric monuments of the 
islands, have been carefully described by Dr. Albert Mayr, though others 
have since become known, but excavation was needed in order that many 
essential facts might be ascertained. The investigation of the rock-cut 
hypogeum of Halsaflieni, the architectural features of which imitate in the 
most surprising way those of the sanctuaries above ground, has for the first 


* To be published in the Journal of the Royal Anthropological Institute. 
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time produced an adequate series, available for study, of the prehistoric 
pottery of Malta; for from the excavations of Hagar-Kim, unfortunately, 
but little has been preserved. Dr. Zammit and Professor Tagliaferro will 
shortly publish adequate descriptions of the hypogeum and its contents. Of 
the three groups of megalithic buildings on the Corradino Hill, two had 
been already in great part excavated in the nineties, and the complete clear- 
ing of the upper one, which apparently was of a domestic character, was the 
first work undertaken in May. Its plan is extremely irregular, and much 
of it can hardly have been roofed unless in thatch or woodwork. A consider- 
able quantity of pottery was found, very similar in character to that of 
Halsaflieni, and belonging, like it, to the late neolithic period. It has some 
affinities with pottery recently found at Terranova, the ancient Gela, in 
Sicily, but in many respects is unique. Many flints were found, but no 
traces of metal. A stone pillar was found in one portion of the building, 
some 2 feet 8 inches long and about 10 inches in diameter, which may have 
been an object of worship. The excavation of a second and smaller group, 
nearer the harbour, had been already completed by Dr. Zammit and Professor 
Tagliaferro; but a third, further to the south, on the summit of the ridge, 
had never been examined, and it, too, was thoroughly investigated. An 
even larger quantity of pottery of the same character was found, with flints 
and fragments of stone basins, etc. It approximates more in style to the 
larger megalithic buildings of the island, and has a facade with a more pro- 
nounced curve than at Hagar-Kim, constructed of very large blocks, but 
much ruined. The interior consists of several distinct groups of rooms (often 
apsidal) not intercommunicating. The construction is of rough masonry, 
with large slabs at the bottom and smaller blocks higher up ; the walls begin 
to converge, even at the height (5 to 6 feet) to which they are preserved, as 
though to form a roof. Into one of the rooms a very curious trough has at 
a later period been inserted : it is cut in a block of the local hard stone, 8 feet 
9 inches long and 3 feet 8 inches wide, and is divided by six transverse divi- 
sions into seven small compartments, which show much trace of wear. The 
object of it is not as yet apparent. Another more carefullyconstructed room, 
perhaps contemporary with the trough, has its walls partly of large slabs, 
partly of narrow pillar-like stones. The floors of these rooms are sometimes 
of cement, sometimes of slabs. Many bones of animals were found, but only 
one human skeleton, and that in disorder and at a comparatively high level. 
The use of standing slabs at the base of walls, with coursed masonry above, 
visible in these buildings, finds its parallel in the Giants’ tombs at Sardinia, 
the prehistoric huts of Lampedusa, and in many other places. 


4. Report on Archaeological and Ethnological Investigations in Sardinia. 
See Reports, p. 291. 


5. The Influence of Geographical Factors on the Distribution of Racial 
Types in Africa. By Dr. F. C. Surupsatu. 


MONDAY, AUGUST 30. 


Papers and Discussion relating to a proposed Ethnological Survey 
of Canada. 


A.—The Aboriginal Peoples. 


(i) Retrospect of previous Work by the British Association and other 
Agencies. By E. Swwney Hartuanp, F.S.A. 
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(ii) Ethnological Problems of Canada. By Dr. F. Boas. 


After a brief enumeration of some of the gaps in our knowledge, the author 
pointed out that the general outlines of Canadian ethnology had become 
known through reconnaissances carried out largely under the auspices of the 
British Association for the Advancement of Science, and that the task of 
the future would be a systematic study of the ethnological problems of 
the country. He discussed these problems in their relation to the general 
ethnological problems of the American continent. While in the whole 
area, from the Argentine Republic northward to the Great Lakes, certain 
characteristic traits of civilisation are found which differentiate the civil- 
isation of ancient American from those of other continents, distinct types 
of culture are found in the extreme north-west of the continent, including 
the whole area from California to the coast of Labrador, and in the 
extreme south-west in Brazil and Tierra del Fuego. This suggests that 
these marginal areas may possess a culture older than that of the middle 
part of the continent, and not opposed to the same historic influences. 
Among the Canadian tribes only the Iroquois and a few of the southern 
tribes, like the Blackfeet and Assiniboins, belong to the middle area of 
the continent. All the rest belong to the northern marginal area. The 
tribes east of Great Slave Lake and of the northern interior of Labrador 
may represent this civilisation in its present form. The problem becomes 
still more difficult owing to undoubted influences that have extended from 
Asia into America, and which reach Hudson Bay and the Great Plains. 
The unravelling of these historical conditions is perhaps the most im- 
portant problem to be solved by a study of Canadian ethnology. 

Ethnologists are not yet in accord in regard to the theory of the gradual 
development of civilisation. While some believe that similarities of culture 
occurring among diverse tribes, sometimes wide apart, are due to psycho- 
logical similarities, others believe that gradual dissemination has played 
an important part. In Canada there are at least six distinct types of 
culture—that of the Eskimo, the North-West Coast, the Mackenzie 
Barrier and of the western plateaus, that of the Plains, that of the 
eastern woodlands, and that of the Iroquois. The study of the relations 
of these will help to clear up the fundamental anthropological problems, 
which are of great theoretical interest, and which have, also, a direct 
practical bearing upon our views relating to the history and future of our 
own civilisation. 


(iii) The Anthropological Work of the University of Pennsylvania. 
By Dr. G. B. Gorpon. 


Dr. Gordon, in reviewing the researches into the history of man in the 
North American continent that have been carried on under the auspices 
of the Government and institutions of the United States, called attention 
to certain far-reaching changes that have been witnessed in the attitude 
of the educated classes, and especially of learned institutions, with refer- 
ence to those studies that fall directly within the province of anthro- 
pology. These changes are destined to affect very profoundly those inter- 
related branches of learning which, like history and sociology, are more 
directly affected by the anthropological method. These tendencies are 
made manifest by the history of anthropological activities in those quarters 
which are most influential in shaping educational development and methods 
of research. The work of the Bureau of Ethnology has been a prominent 
factor in promoting that interest in the study of the native races which 
has been carried on with successful results by the universities and - 
museums of the country. Nothing in the history of anthropology is more 
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significant than the present condition of archeological studies as contrasted 
with that which obtained a few years ago. Until recently the very name of 
American archeology was noxious because it was foreign to European 
civilisation. To-day the chief archeological interest lies in the prehistoric 
period, and with the realisation of the unity of all problems of human 
development comes a rapidly increasing interest in American archeology. 
Dr. Gordon then reviewed the work of the various universities and museums, 
and paid a tribute to the services rendered by private individuals, both in 
forming collections and in organising expeditions. 


B.—Ethnographic Study of the White Settlers. 
By Dr. F. C. SHRuBSALL. 


TUESDAY, AUGUST 31. 


The following Papers and Report were read :— 


1. On a recent Find of Copper Implements in Western Ontario. 
By Professor E. Gururm PrErry. 


The implements exhibited were found at Fort Frances, below the Alberton 
Falls. ‘The find consisted of twenty-seven fish-hooks, three arrow- and six 
spear-heads. All were made of cold-hammered copper from the Lake 
Michigan or Lake Superior District. 


2. On the Ethnology of the Okanagan of British Columbia.* 
By C. Hii-Tovr. 


This paper dealt with the habitat, language, culture, and beliefs of this 
people, who are the easternmost division of the Salish of British Columbia. 
A common language is spoken by the whole division, and its relation to 
contiguous divisions of the same stock was discussed. The material and 
social culture is also similar to that of the other divisions. 

From the evidence of culture and language it seems clear that the rivers 
and bays of the North Pacific slope were not the home of the stock before 
its division into its present linguistic groupings, and the evidence of lan- 
guage points to a connection with Oceanic stocks. 


3. A Nubian Cemetery at Anibeh. By Dr. D. Ranpauu-Maclver. 


4. Arms and Accoutrements of the Ancient Warriors at Chichen Itza. 
By Miss A. C. Breton. 


Chichen Itza, in Yucatan, is as yet the principal place in the region 
of Mexico and Central America where representatives of armed warriors 
are found. There was a remarkable development in the later history of 
the buildings there of painted sculptures and wall-paintings, mostly of 
battle scenes and gatherings of armed chiefs. 

The stone walls of the ruined lower hall of the Temple of the Tigers 


» To he published in full in the Journal of the Royal Anthropological Institute. 
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are covered with sculptured rows of chiefs, who carry a variety of weapons. 
Of the sixty-four personages left, half a dozen have ground or polished 
stone implements; others hold formidable harpoons (two of them double) 
or lances adorned with feathers; whilst the majority have from three to five 
spears and an atlatl (i.e., throwing stick), These are of different shapes. 
One figure has armlets with projecting rounded stones. Some have kilts, 
sporrans, leggings, and sandals. Eleven personages have tail appendages. 
There are protective sleeves in a series of puffs, breastplates, helmets, and 
feather headdresses, necklaces of stone beads, masks, ear and nose orna- 
ments in variety. Small round back-shields, always painted green and 
fastened on by a broad red belt, may have been of bronze attached to leather, 
as a bronze disc has been found. Round or oblong shields were carried by 
two thongs, one held in the left hand, the other slipped over the arm. 

The two upper chambers of the same building have reliefs on the door 
jambs of sixteen warriors, life size. They carry a sort of boomerang in 
addition to spears and atlatls. In the outer chamber was a great stone 
table or altar, supported ty fifteen caryatid figures. Upon its surface was 
a relief of a standing chief, holding out his atlatl over a kneeling enemy 
who offers a weapon. The walls of both chambers were covered with painted 
battle scenes, in which several hundred figures are still visible. They carry 
spears, atlatls, round or oblong shields, and a kind of boomerang which 
was used by the natives in Australia about eighty years ago. It was 
intended for striking rather than throwing. On one wall the method of 
attacking high places by means of long-notched tree-trunks as ladders and 
scaffold towers is shown. 

The building at the north end of the great Ball Court is evidently 
very ancient, and its sculptured walls have chiefs with spears and atlatls. 
The temple on the great pyramid called the Castillo also has warriors on 
its doorposts and pillars, with boomerangs, spears, and atlatls, and so has a 
building in the great Square of Columns. In an upper chamber of the 
palace of the Monjes are paintings in which are men with spears and 
atlatls, and also spears with lighted grass attached thrown against high- 
roofed buildings. A survey of all that has so far been discovered at 
Chichen gives a vivid idea of primitive battle array. 


5. Ethnological Researches in Alaska. By Dr. G. B. Gorpon. 


In 1907 the author made an expedition to the Koskokwin Valley of 
Alaska to investigate the natives of that region, who, owing to their 
remoteness, preserve in a marked degree their aboriginal characteristics. 

In the Upper Valley of the Koskokwin Déné tribes were found; seven 
hundred miles down the river Eskimo culture began ; and two hundred miles 
further Eskimo customs prevailed and the tendency of the Déné of this 
district to adopt Eskimo culture is strongly marked and shows that the 
Eskimo culture is the more aggressive and the more advanced. At the 
mouth of the Koskokwin the Eskimo communities have retained in full 
vigour their peculiar customs and mode of life, because that part of the 
Alaskan coast has not-been invaded by trading vessels or whalers. 

The general health and physical welfare of these communities were 
noticeably better than in those locations where the natives have been in 
continued contact with the white men. At the same time their mental and 
moral state is also decidedly better. All observations tended to show that 
the inhabitants of Alaska, both Déné and Eskimo, undergo physical and 
moral deterioration under the influence of civilisation. 


a 


624 TRANSACTIONS OF SECTION H. 


6. The Archeology of Ontario and Manitoba. 
By Henry Montcomery, M.A., Ph.D. 


The history of Ontario during the seventeenth century has been supple- 
mented by the work of archeologists, and valuable collections are preserved 
in Toronto University, in the Normal School, and in Laval University. 
There were several occupations of the Province. Village sites have been 
discovered. Many objects of manufacture have been found in the soil or 
upon the surface of the ground, such as primitive flints, well-made arrow- 
points, bone skewers and knives, stone scrapers, wedges, gouges, hammer- 
stones and amulets, pottery pipes and broken vessels of pottery. Ossuaries 
occur in which many human skeletons were found; some of the crania have 
inca bones, high supra-orbital ridges and low foreheads. In the years 1870, 
1876, and 1877 the author explored Huron ossuaries in Simcoe and Durham 
Counties and found numerous skeletons in all of them. Artificial mounds 
or tumuli occur near Rice Lake, Lake Erie, and the Lake of the Woods, 
and these have yielded copper and pottery. 

In the Province of Manitoba numerous grooved stone mauls and 
hammers, as well as arrow points, stone discs, and pieces of broken pottery, 
have been found on or near the surface of the ground. In addition to these, 
the other ancient remains are tumuli of three principal kinds, earthen 
ridges of great length, and large communal house enclosures. One kind of 
tumulus contains one or more well-defined burial pits having skeletal 
remains and manufactured objects of interest, the burial pit being carefully 
covered and protected by charred wooden poles or by a calcareous layer 
from four to six inches in thickness, the whole being covered by a great 
mound of black prairie soil to a height of many feet. Stone circles or 
cromlechs occur in Saskatchewan near Manitoba. 


7. The present Native Population and Traces of Early Civilisation in 
the Province of New Brunswick, Canada. By Witi1am McInTOosH. 


The native and half-breed population numbers about fifteen hundred at 
the present time. These belong to two tribes: the Micmacs, occupying the 
eastern coast and part of the Bay of Fundy shores, and the. Malecites, who 
inhabit the St. John River Valley, or about the same country which was 
occupied by their ancestors in early times. They are able to speak English, 
but use their own language among themselves. The Indians obtain a liveli- 
hood by working as millmen, stream driving, lumbering, acting as guides for 
hunting-parties, making canoes, baskets, butter-tubs, axe handles, etc. 

Evidence of the prehistoric occupation of this region by a people who 
were using implements of stone are abundant. In sheltered coves along the 
coast are numberless kitchen middens. Along the principal rivers pre- 
historic camp sites abound. The stone implements, with a few exceptions, 
are of the type common to the Algonquin areas. 

The pottery, in material and shape, closely resembles the ware made by 
the Algonquin tribes elsewhere, but shows some interesting variations in 
ornamentation, differing in this respect from the Algonquin pottery of 
the south. Very little systematic collecting has been done in this region. 

Dr. George F. Matthew has studied the kitchen middens and has done 
surface collecting elsewhere. The result of his work will be found in the 
Bulletins of the Natural History Society of New Brunswick. Dr. L. W. 
Bailey has collected and published articles on this subject. S. W. Kain 
has collected a large amount of material. An account of his work will be 
found in the Bulletins of the Natural History Society of New Brunswick. 
Duncan, London, and David Balmain have collected in the St. John River 
Valley, and the late Dr. Smith, of Tracadie, on the east coast. The author 


TRANSACTIONS OF SECTION H. 625 


has collected during the past three years, obtaining over 1,700 pottery 
fragments and a large number of stone implements. These will be described 
in the Bulletins of the Natural History Society of New Brunswick. The 
material collected by Matthew, Kain, McIntosh, and the greater part of 
the Smith, London, and Balmain collections, are in the Natural History 
Museum at St. John, N.B. Bailey’s and part of London and Balmain’s 
collections are at the University of New Brunswick, Fredericton. Part of 
the Smith collection is in the Museum at Chatham, N.B. 


8. The Excavations at Sparta of the British School at Athens. 
By BR. M. Dawxrys. 


(a) Work at the Orthia.—The sanctuary is now finished The chief 
results of the year have been the discovery of walls of the hieron at different 
periods and fresh light thrown on the earliest periods of the site. The 
sanctuary occupied what was a natural hollow on the bank of the river, 
always subject to floods. The cult began certainly as early as the ninth 
century, and very likely earlier. No trace of znything Mycenean has been 
found. The earliest thing is a local style of geometric pottery, of which 
there is so much that its manufacture must have continued unaltered for a 
very considerable time. 

The first trace of cult was in a patch of black ashes mixed with burned 
fragments of bones and geometric sherds and pieces of bronze all lying 
on the native soil in the middle of the hollow. Sometime later the hollow 
was paved in great part with a paving of cobble stones and this paved 
space surrounded with a wall. Pieces of this wall have been found. 

There are no remains of any temple as early as this, just as of the first 
stage of the hieron represented by the débris below the pavement there are 
no remains of either temple or altar. The next stage of the hieron shows 
a considerable development. To it belongs the great archaic altar, the remains 
of the primitive brick and wood temple, and the great mass of votive 
offerings extending downwards to the close of the seventh century. The 
hieron at this period was larger than it had been before. On the east its 
limit was marked by a wall, which itself, however, belongs to a good deal 
later date, probably to the sixth century, and on the west the débris of this 
period were found considerably outside the line of the old wall. 

In this condition the hieron must have lasted at least two hundred 
years (800-600 B.c.). It saw the rise of the Laconian school of vase- 
painting, and its first two periods, Lac. I and II, and the period of the 
fine ivory carvings which have been such a feature of this site. They all 
fall within this period, mostly late in it. At the end of this stage inscrip- 
tions begin, 7.e., just before 600 B.c. 

About the year 600 B.c. there was a change. The primitive temple 
was destroyed, probably by a flood, and the level of the hieron raised by 
bringing in a mass of river sand and grayel. The hieron was thus 
changed from a hollow into a flat-topped artificial mound. On the east 
side of this an altar was built, of which traces were found and removed, 
and on the west the great temple. The altar occupies exactly the site of 
the earlier altar, the temple very nearly. The hieron was now very much 
larger, and was surrounded by a thick wall. A long stretch of it was found 
west of the temple, and another piece to the south, close to some Hellenistic 
houses alongside of the present course of the millstream. The wall between 
it and the temple to the west is a thin wall, which stood at the edge of 
the heap of sand to support it. The wall west of the altar also marks the 
edge of the sand, but it is likely that here also the hieron limit was some- 
what wider. The temple was archaic Doric, and the pediment was probably 
decorated with two lions facing one another in painted sculpture. A small 
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piece of one of these was found, and two little reliefs representing such a 
pair of lions. 

To the next hundred years (600-500 B.c.) belongs a further mass of votive 
offerings, found south, west, and north of the sixth-century temple. These 
comprise the terra-cotta mass, nearly all of which belong to this time, in 
pottery Laconian III and IV, which embraces nearly all the vases hitherto 
called Cyrenaic, and a great number of lead votive figurines. The earlier 
ivory carvings have now given way to work in bone, and the style is not 
so good. This century marks the beginning of the decline of Laconian art, 
which is still more marked in the Laconian V and VI, which carry us down 
to the middle of the fourth century. The greater number of finds of these 
periods (Lac. V and VI) were from the houses which le east of the altar, 
and themselves may be fifth century. 

After this the finds are very few: some Hellenistic objects and some 
Roman terra-cottas. A great many probably were removed when the 
foundations of the Roman theatre were cut down. 

The further history of the site consists of the rebuilding of the temple 
in Hellenistic times, relics of which are the numerous tiles stamped with 
the name of the goddess, and finally the building of the Roman amphi- 
theatre in late Roman times for the convenience of spectators. Built into 
its remains were the inscribed slabs to which were fastened the iron sickles 
which were the prizes of the victors. The Roman altar stood directly above 
the earlier ones, and the Roman arena corresponded very well with the old 
hollow which had seen the beginning of the cult in the very earliest times. 

(b) The Meneleum.—This site had been already partially excavated, 
first by Ross, and afterwards by Mr. Castriotis. Our attention was drawn 
to it by a handful of objects found by some shepherds and brought to us. 
The bunding, supposed to have been the sanctuary of Menelaos and Helen, 
stands on a hill which rises steeply from the left bank of the Hurotas a 
couple of miles south of the site of Sparta. The building, as now uncovered, 
shows itself as a platform surmounted by an oblong structure, which may 
have been an altar or the base for some conspicuous monument. A ramp 
gave access to this platform. The structure may be assigned to the fifth 
century. At a somewhat later date a terrace was added on two sides. In 
excavating this building some finds were made of Laconian and geometric 
pottery, and, more important, well below these and below the foundations 
of the building late Mycenean sherds were found. The chief finds, however, 
were fovnd on the steep slopes of the hill a little below the building itself. 
They had clearly got into the position in which we found them from having 
been thrown down the hill. They comprised pottery of the second Laconian 
style, badly represented at the Orthia sanctuary, many lead figurines, and 
a few objects in bone and ivory like those from the Orthia and bronzes. 
Below these finds, which date from the late seventh century, there was 
a layer cf geometric pottery. 

In a field near by we found the remains of a late Mycenean house with 
painted plaster and pottery, and all about on these hills late Mycenean 
sherds are to be found. This suggests that the Mycenean Sparta was 
probably in this region, and it is probably not without significance that 
the shrine of Menelaos is here rather than on the site of the later city. 


9. Report on the Excavation of Neolithic Sites in Northern Greece. 
See Reports, p. 293. 
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WEDNESDAY SEPTEMBER 1. 


The following Papers were read :— 


1. A Study of Malaria in Ancient Italy.1 By W. H. 8. Jonzs. 


2. On a Cult of Executed Criminals in Sicily. 
By HE, Srpney Harruanp, F.S.A. 


3. The Blackfoot Medical Priesthood. By Joun Macunan. 


The author defined medicine men, or, to use a better term, the medical 
priesthood, as shamans, conjurers, doctors, prophets, and priests, and gave 
the different grades in the priesthood. The subject of initiation was then 
dealt with, and the course of instruction was outlined. Previous to this 
the would-be medicine man undergoes a period of voluntary seclusion, 
during which he fasts and sees visions. The dress and facial decoration of 
the fraternity were next described, and the sacred numbers were explained. 
The subject of disease was next treated, the Blackfeet being particularly 
prone to small-pox and consumption. The causes of the diseases were 
discussed, especially the influence which the belief in evil spirits has upon 
the minds and bodies of the natives. 

The author then treated of the medicine man in connection with religion, 
such subjects as animism, sacred stones, sacrifice, spiritualism, hypnotism, 
prophecy, and incantation being discussed, as well as medicine songs, 
charms, and amulets. 

Lastly, the author considered native medicines and remedies, and 
discussed the value of the work of the medicine men among the natives, and 
the influence exercised by them on the native religion.’ 


} Published in Liverpool Annals of Archeology and Anthropology, vol. ii., p. 97. 
? Published in he Manitoba Free Press, Winnipeg, September 18, 1909. 
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Section I.—PHYSIOLOGY. 


PRESIDENT OF THE SecTION.—Professor EK. H. Starzina, M.D., F.R.S. 


THURSDAY, AUGUST 26, 
The following Papers and Report were read :— 


1. Observations on the Osmotic Pressure in the Blood of Fishes. 
By Professor A. B. Macauuum, F.R.S. 


2. Observations on the Inorganic Composition of the Blood of Fishes. 
By Professor A. B. Macauuum, F.R.S., and Dr. C. C. BENson. 


3. Report on Anesthetics.—See Reports, p. 296. 
4. Discussion on Anesthetics. 


5. On the Use of Atropine or the Allied Drugs Hyoscine, Hyoscyamine, 
Scopolamine, Daturine, Duboisine, in Conjunction with Anesthetics. 
By W. Wesster, M.D., C.M. 


The object of the present research was to test the efficiency of atropine 
as a restorative in poisoning by chloroform or other anesthetic, or as a 
precautionary measure before its administration, The use of atropine in one 
or other of these ways has been frequently advocated.* 

A striking discrepancy was noticed between the statements in the text- 
books and the results actually obtained, and so it was deemed advisable 
to perform an extensive series of experiments devoted to the physiological 
effects of atropine and its allies upon the heart, respiration and circulation. 

Atropine and the allied drugs mentioned in the title are generally 
supposed to be isomeric with each other, or very closely allied, and in 
regard both to their general physiological effects and to the question of 
the rapidly induced tolerance or immunity described later, all these drugs 
may be considered as identical.’ 


1 Schafer and Scharlieb, 77ans. Roy. Soc. Hdin., vol. xli. 1901. 

2 For information on the chemistry of these substances see Schmiedeberg, 
Pharmakologie, 1906; Tomasini, Atti dell. R. Accad. dell. Scienz. Med. Palermo, 
Ann. 1896; O. Hesse, Liebig’s Annalen; Bokenham, B.M.J., vol. xi. p. 597, 
1894; F. R. Pooley, Can. Lancet, Jan., 1895; Sharp, Practitioner, 1885, 1892, 
1893, 1894; Pharma. Jour., 1878. 
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The question of the value of adrenalin as a restorative to the circulatory 
system will be incidentally discussed in the body of the paper. 

I have performed in all more than eighty experiments—two on cats and 
the rest on dogs. Chloroform, ether, or the A.C.E. mixture were the 
anesthetics used. In some few cases curari has been used in addition. The 
blood-pressure has been taken from the carotid artery, and the injections 
made into the saphenous or femoral vein. A glass plethysmograph was 
used for recording changes in the voiume of the limb, and for similar 
changes in the intestinal wall an air oncometer was used, each of these 
being connected with a piston recorder. The method described by Oliver 
and Schafer * was employed for recording the effects upon the heart. A 
hook is caught in the epicardium of the auricle, and another in the 
ventricle. From these threads pass over pulleys moving on a horizontal 
axis; the threads then pass vertically downwards to be attached to long 


elastic levers of steel. To the ends of the levers writing points are 
attached. 


Physiological Effects. 


One of the most familiar, and at the same time most striking, actions 
of atropine is paralysis of the peripheral terminations of the vagus in 
the heart. It would naturally be expected that this effect, like section of 
the vagi, since it cuts off the tonic inhibitory influence of the nerve centre, 
would exercise an augmentory effect upon the heart and raise the blood- 
pressure. This is, in fact, usually stated to be the case (see Dixon,” 
Schmiedeberg,* and Sollmann*). But my own experiments furnish no 
evidence of any action whatever on the vasomotor system. I have been 
unable to find any original papers giving details of experiments upon 
animals, with tracings of blood-pressure.° 

In my series of more than eighty experiments on dogs, I have never 
observed any rise in blood-pressure upon the injection of atropine into the 
circulation.® 

This applies to the allied drugs mentioned in the introduction. The 
drugs have been tested under very varying conditions as to dosage, amount 
of fluid injected, temperature of fluid injected, and rate of injection. In- 
all cases, when any effect whatever has been produced, this has been in 
the direction of a fall of blood-pressure. In small doses this is slight and 
transient ;" in large doses marked and long continued—sometimes for an 
hour. In some cases, however, even after large doses, recovery is fairly 
rapid.« 

Pra many cases, it is true, the tracings show a slight preliminary rise of 
blood-pressure. This, generally followed by a much more pronounced and 
significant fall, is, I have convinced myself, simply due to the injection 


1 Jour. of Physiol., vol. xviii. p. 256, 1895. 

2 Dixon, Manual of Pharmacology, London, 1906. 

3 Op. cit. 

A golinanik Text Book of Pharmacology, Philadelphia, 1906. 

5 The literature, however, to which I have access is limited. : 

6 Professor Vincent informs me that so far as his memory serves him he 
has never seen a rise of blood-pressure on the administration of atropine. 

7 A possible criticism of my results would be that doses small enough had 
not been tried, and that the initial increased rate of heart beat and concomitant 
rise in blood-pressure, whether due to this or to vaso constriction, had been 
overlooked. Every precaution has been taken to avoid this error. No dose, 
however small, has in my dogs produced the slightest rise in blood-pressure. 
In many cases so small was the amount of drug injected that no effect whatever 
was produced other than that due to the fluid administered, which point has 
been very frequently tested by control injections of the same quantity of normal 
saline solution. : 
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of the fluid in which the drug is dissolved, since an injection of an equal 
quantity of normal saline solution has been always found to induce a 
rise of pressure similar in character and of equal magnitude. 

Of course, the effect of atropine on the blood-pressure has almost always 
been recorded in animals already under the effects of other drugs. Thus the 
animal has been under the effects of chloroform, ether, or A.C.E. mixture 
when the first dose of atropine, hyoscine, &c., has been injected, and in 
the experiment in which records of auricle and ventricle were taken, curari 
was administered in addition." On the other hand, many of the larger 
doses have been given when the animal has not had any anesthetic for 
the previous half-hour, the atropine already used sufficing to maintain an 
unconscious condition. 

Effect wpon the Heart.—Contrarily to the usually accepted view, it has 
been found that in dogs atropine has only at most a very slight and 
temporary effect in the direction of augmentation of the heart; the chief 
effect is a diminution in the extent of movement as revealed by the heart 
levers. 

Mode of Action of the Drugs.—The levers of the piston recorders con- 
nected with the limb plethysmograph and the intestinal oncometer always 
fall on the injection of the drug; the limb and intestinal tracings, in 
fact, passively follow that of the blood-pressure, and frequently show the 
same preliminary rise as does the blood-pressure. 

It would appear that rather too far-reaching deductions have been 
drawn from the action of atropine in cutting out the inhibitory control of 
the vagus. Since cutting the vagi always raises the blood-pressure, while 
the administration of atropine always lowers it-~in the dog, at any rate— 
and since on injection of atropine the volume of both limb and intestinal 
wall always follows passively the blood-pressure, we must conclude that 
atropine acts upon the heart in a manner quite different from that of 
section of the vagi. It seems, in fact, that with atropine, although the 
vagus inhibition is removed, there is a much more powerful effect acting 
upon the circulation in an opposite sense—namely, a paralytic effect on 
the heart muscle itself. Dixon says that the muscle of the frog’s heart is 

‘slightly stimulated. In a few experiments I have performed, I have not 
been able to verify this. 

Action on the Respiratory System.—It is well known that the first 
effect of atropine upon the respiration is to increase both the frequency 
and extent of the movements. Subsequently, however, the respiratory 
centre is paralysed.. I have been able to confirm the statement made by 
Reichert,” and quoted by Sollmann,’ that an animal may recover from 
many times the minimal fz tal dose if artificial respiration be maintained. 
This power of recovery on the part of the respiratory centre is of supreme 
practical importance in dealing with cases of poisoning by this drug. 

The Effects of rapidly repeated Doses of the Drugs.—It is well known 
that a very marked tolerance to atropine, as well as to other drugs, can 
be established both in animals and in man by gradually increasing the 
dosage over a period of days, weeks, or months. It is, however, somewhat 
surprising to find that within the limits of time occupied by a single 
experiment a dog can be brought to withstand, manifesting only a com- 
paratively slight reaction, a dose which, if administered at the beginning 
of the experiment, would have been certainly and quickly fatal. 


1 In one experiment I have reduced this objection to a minimum by employing 
only just sufficient anesthetic for the carrying out of the preliminary surgical 
proceedings. The animal was then allowed to recover from anesthesia, and 
atropine in a small dose injected into a vein. The effect in this case, as usual, 
was a fall and not a rise of blood-pressure, and the heart was weakened, 

* Reichert, Phila. Med, Jour., January 19, 1901. 

* Sollmann, op. cit. 
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By commencing with small doses and gradually increasing their size, 
animals of 5 to 12 kg. body weight have, in the course of an experiment 
lasting one and a half hours, been rendered so immune to the ill-effects of 
the drug as to tolerate as large a quantity as 04 gramme injected intra- 
venously without other apparent ill-effects than a lowering of blood-pressure, 
from which recovery gradually takes place. 

The commencing dose varied from 0:025 mg. to 0°5 mg. of atropine, 
hyoscine, &c., an injection being given every three to ten minutes after- 
wards until the animal succumbed. In some cases 0°5 mg. as an initial dose 
caused death rapidly, but in others 1 mg., or even 2 mg., could be used 
as an initial dose without a fatal result, the animal showing the same 
idiosynerasy as the human subject in this respect.. In all cases where the 
initial dose failed to kill, each successive dose was doubled or trebled, 
until on many occasions 04 of a gramme of the alkaloid was given, and 
the animal kept alive by artificial respiration, the blood-pressure, which 
was very low after the injection, rising almost to the normal. But imme- 
diately on stoppage of artificial respiration the pressure would fall and 
death ensue. In later experiments animals have survived this dose without 
having recourse to artificial respiration. 

In my earlier experiments it was impossible to make any definite 
statement as to the permanent effects of such a dose, as in this and all 
other cases the animal was killed without being allowed to wake from 
the anesthetic. Now, from a further series of experiments it has been 
ascertained that this immunity applies to the remote as well as to the 
immediate effects, a number of animals who have received large quan- 
tities of the drug—viz., 11 to 12 grs.—being allowed to live for different 
periods afterwards, some as long as eight days. These animals were then 
again anvesthetised and an intravenous injection of atropine, of the same 
amount as the largest dose given at the previous séance, administered. 
The animals all survived this dose, which in some cases amounted to 
7 grs., thus showing that the immunity lasts for some time. 

It does not make any difference which of the drugs, atropine, hyoscine, 
hyoscyamine, duboisine, daturine, or scopolamine, are used to commence 
with in the process of obtaining this tolerance; any one can be used in 
increasing doses; then, when the dose has become large, an increased dose 
of any of the others given with no different result than would be obtained 
were the first drug continued, each drug immunising the animal from all 
the rest of the series. Further, the serum of an animal which has been 
rendered immune to large doses of these drugs will, if injected into another 
animal, confer an immunity on it: 

Action of Atropine in Chloroform Poisoning.—‘ When the _ blood- 
pressure has been depressed by an overdose of chloroform, section of the 
two vagi, by cutting off the medullary effect, will release the heart; the 
beat will once again recover its normal character, and the blood-pressure 
will bound up.’? A natural inference would be that atropine, by cutting 
off the tonic effects of the vagus, would have a similar effect. This, how- 
ever, has not been the case in my. experiments.” In chloroform poisoning, 
just as in the normal condition, atropine does not raise the blood- 
pressure, but lowers it. I have not found the slightest benefit to accrue 
when atropine has been administered to an animal whose circulation is 
depressed with chloroform or other anesthetic. 

The use of atropine prior to the administration of chloroform has been 
strongly advocated and no less strongly opposed by various writers, e.g., 


1 Dixon, op. cit. x 

?T have not invariably found benefit from cutting the vagi, though often, 
as Dixon states, it restores blood-pressure. In the case of one animal, although 
a sudden rise of blood-pressure took place, respiration was not restored; the 
blood-pressure again fell, and death rapidly ensued, 
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Brodie and Crouch,’ J. Harley,” Dastre,* Pitha,* Fraser,* Brown-Sequard,° 
Dastre and Morat,’ Schafer,* Schafer and Scharlieb,? Hewitt.'° Some 
of these question the great danger of primary inhibition of the heart 
through excitation of the vagus, and also the benefit supposed to be derived 
from a preliminary dose of atropine. 

The dose required to eliminate vagus action in dogs varies greatly 
per kg. of body weight in different individuals. This variability, we 
know, exists to as great an extent in the human subject; it follows that 
after administering a dose of atropine previously determined upon, we 
are in the dark as to whether we have obtained the desired effect. Should 
we inveriably give a large dose, disagreeable and possibly fatal results 
might ensue; numerous cases have been recorded where small doses have 
produced ill effects. 

Harley advocates 0°01 to 0°025 grain, and Dastre 00015 gramme 
(0°023 grain). Schafer,"’ in a paper read last year at Chicago, advocates 
the use of 1/50 gr. of atropine before all cases of anesthesia. These 
doses would certainly cause serious symptoms .in some subjects, and would 
probably cause discomfort in nearly all, and, in spite of their size, we have 
no guarantee that the quantity is sufficient to abolish vagus action. 

Tested upon myself, 0°01 grain administered hypodermically to deter- 
mine the effect on blood-pressure produced very disagreeable results—head- 
ache, defective vision, dryness of the fauces, and a slight inco-ordination 
of the muscles, particularly of the lower limbs, being the prominent 
symptoms. The blood-pressure, which was taken previously for three con- 
secutive days at the same hour with Janeway’s instrument, was recorded 
at first every five minutes after the injection, then later every ten minutes. 
It showed a gradual fall until it was reduced by 20 mm. of mercury. 
Dr. , who was treated in the same manner, but only took 0°0067 grain 
of atropine, had less pronounced symptoms, but still sufficient to cause 
considerable discomfort and a very slight change of blood-pressure, which 
was lowered by 10 mm. of mercury. 

So far as I can conclude from my experiments, adrenalin would be of 
distinctly more benefit than atropine, though, since its effect is transitory, 
as a rule frequent small doses must be administered in order to be of 
use. If the heart has not completely stopped, adrenalin causes more 
active contractions '* and consequent rise of blood-pressure, which a few 
doses at short intervals may make permanent. If the heart has ceased abso- 
lutely, I have never obtained any result. This restoration of the heart 
may be obtained after the heart movements can no longer be felt through 
the chest wall, but when, if the chest wall is opened, small movements can 
still be observed. 


Summary. 


1. In dogs atropine, hyoscine, hyoscyamine, scopolamine, duboisine, 
and daturine produce, whether in small or large doses, a lowering of blood- 
pressure. 


Trans. Soc. Anesth., vol. vi. pp. 70 and 81, 1903. 

* Brit. Med. Jour., vol. ii., p. 320, 1868. 

8 Soc. Biol., p. 242, 1883. 

* Pitha, 1861. Quoted by Schafer from Dastre. 

5 Brit. Med. Jour., vol. ii. p. 715, 1880. 

° Brown-Sequard (C’. 7. Soc. Biol., p. 289, 1883). 

7 Dastre and Morat (Lyon Med., 1882, and C. r. Soc. Biol., pp. 242 and 259, 
1883). 

® Schafer, Brit. Med. Jour. vol. ii. p. 620, 1880. 

* Trans. Royal Soc. Edin., p. 333, 1904. 

10 Anesthetics and their Administration, pp. 230, 259, 503, 1907. 

Jour. Am. Med. Assn., September 8, 1998, vol. li. p. 863. 

2 The rise with adrenalin is due also to stimulation of vaso-motor nerve: 
endings in various parts of the body. 
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2. The volume of a limb or portion of intestinal wall always becomes 
diminished concomitantly with the fall of blood-pressure. 

3. The conclusion seems justified that although these drugs eliminate 
the tonic inhibitory action of the vagus, they have a simultaneous action 
on the heart substance, diminishing the output. This paralytic effect upon 
the heart is shown also by direct experiment upon this organ. 

4. By frequent administration of increasing doses of these drugs, an 
animal may be brought into a condition of tolerance within one or two 
hours, so that at the end of this time it will withstand (with compara- 
tively slight reaction) very many times the dose which would have been 
fatal at the beginning of the experiments. 

5. In small doses the respiration is quickened and rendered deeper. In 
large doses it is often paralysed immediately. 

6. The present series of experiments has not yielded results which would 
tend to encourage the use of atropine in chloroform poisoning. Adrenalin 
seems to be of much more, though limited, utility. 


FRIDAY, AUGUST 27. 


The President delivered the following Address :— 


Tur Puystotocicat BAsts or SUCCESS. 


Dorina past years it has been customary for the Presidents of Sections in their 
addresses either to give a summary of recent investigations, in order to show the 
position and outlook of the branch of science appertaining to the Section, or to 
utilise the opportunity for a connected account of researches in which they them- 
selves have been engaged, and can therefore speak with the authority of personal 
experience as well as with that imparted by the presidential Chair. The growing 
wealth of publications with the special function of giving summaries and surveys 
of the different branches of science, drawn up by men ranking as authorities in 
the subjects of which they treat, renders such an interpretation of the presidential 
duties increasingly unnecessary, and the various journals which are open to 
every investigator make it difficult for me to give in an address anything which 
has not already seen the light in other forms. The Association itself, however, 
has undergone a corresponding modification. Founded as a medium of com- 
munication between workers in different parts of the country, it has gradually 
acquired the not less important significance of a tribunal from which men of 
science, leaving for a time their laboratories, can speak to an audience of intelli- 
gent laymen, including under this term all those who are engaged in the work of 
the world other than the advancement of science. These men would fain know the 
lessons that science has to teach in the living of the common life. By standing 
for a moment on the little pinnacle erected by the physicist, the chemist, or the 
botanist, they can, or should be able to, gain new hints as to the conduct of 
the affairs of themselves, their town, or their state. The enormous advance in 
the comfort and prosperity of our race during the last century has been due 
to the application of science, and this meeting of the Association may be re- 
garded as an annual mission in which an attempt is made to bring the latest 
results of scientific investigation into the daily routine of the life of the com- 
munity. 

We physiologists, as men who are laying the foundation on which medical 
knowledge must be built, have as our special preoccupation the study of man. 
Although every animal, and indeed every plant, comes within the sphere of our 
investigations, our main object is to obtain from such comparative study facts 
and principles which will enable us to elucidate the mechanism of man. In this 
task we view man, not as the psychologist or the historian does, by projecting 
into our object of study our own feelings and emotions, but by regarding him as 
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a machine played upon by environmental events and reacting thereto in a way 
determined by its chemical and physical structure. 

Can we not learn something of value in our common life by adopting this 
objective point of view and regarding man as the latest result of a continuous 
process of evolution which, begun in far-off ages, has formed, proved, and rejected 
myriads of types before man himself appeared on the surface of the globe ? 


Adaptation. 

In his study of living beings the physiologist has one guiding principle which 
plays but little part in the sciences of the chemist and physicist, namely, the 
principle of adaptation. Adaptation or purposiveness is the leading charac- 
teristic of every one of the functions to which we devote in our text-books the 
chapters dealing with assimilation, respiration, movement, growth, reproduc- 
tion, and even death itself. Spencer has defined life as ‘ the continuous adjust- 
ment of internal relations to external relations.’ Every phase of activity in a 
living being is a sequence of some antecedent change in its environment, and is 
so adapted to this change as to tend to its neutralisation and so to the sur- 
vival of the organism. This is what is meant by adaptation. It will be seen 
that not only does it involve the teleological conception that every normal activity 
must be for the good of the organism, but also that it must apply to all the 
relations of living beings. It must therefore be the guiding principle, not 
only in physiology, with its special preoccupation with the internal relations of 
the parts of the organism, but also in the other branches of biology, which treat 
of the relations of the living animal to its environment and of the factors which 
determine its survival in the struggle for existence. Adaptation therefore must 
be the deciding factor in the origin of species and in the succession of the 
different forms of life upon this earth. 


Origin of Life. 


A living organism may be regarded as a highly unstable chemical system 
which tends to increase itself continuously under the average conditions to 
which it is subject, but undergoes disintegration as a result of any variation 
from this average. The essential condition for the survival of the organism 
is that any such disintegration shall result in so modifying the relation of the 
system to the environment that it is once more restored to the average in which 
assimilation can be resumed. 

We may imagine that the first step in the evolution of life was taken when, 
during the chaotic chemical interchanges which accompanied the cooling down 
of the molten surface of the earth, some compound was formed, probably with 
absorption of heat, endowed with the property of polymerisation and of growth 
at the expense of surrounding material. Such a substance could continue to 
grow only at the expense of energy derived from the surrounding medium, 
and would undergo destruction with any stormy change in its environment. 
Out of the many such compounds which might have come into being, only such 
would survive in which the process of exothermic disintegration tended towards 
a condition of greater stability, so that the process might come to an end spon- 
taneously and the organism or compound be enabled to await the more favour- 
able conditions necessary for the continuance of its growth. With the continued 
cooling of the earth, the new production of endothermic compounds would 
probably become rarer and rarer. The beginning of life, as we know it, was 
possibly the formation of some complex, analogous to the present chlorophyll 
corpuscles, with the power of absorbing the newly penetrating sun’s rays and 
of utilising these rays for the endothermic formation of further unstable com- 
pounds. Once given an unstable system such as we have imagined, with two 
phases, viz. (1) a condition of assimilation or growth by the endothermic forma- 
tion of new material ; (2) a condition of ‘ exhaustion,’ in which the exothermic 
destructive changes excited by unfavourable external conditions came to an 
end spontaneously—the great principle of natural selection or survival of the 
fittest would suffice to account for the evolution of the ever-increasing complexity 
of living beings which has occurred in the later history of this globe, The 
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adaptations, ¢.e., the reactions of the primitive organism to changes in its environ- 
ment, must become continually more complex, for only by means of increasing 
variety of reaction can the stability of the system be secured within greater 
and greater range of external conditions. The difference between higher and 
lower forms is therefore merely one of complexity of reaction. 

The naked protoplasm of the plasmodium of Myxomycetes, if placed upon a 
piece of wet blotting-paper, will crawl towards an infusion of dead leaves, or 
away from a solution of quinine. It is the same process of adaptation, the 
deciding factor in the struggle for existence, which impels the greatest thinkers 
of our times to spend long years of toil in the invention of the means for the 
offence and defence of their community or for the protection of mankind against 
disease and death. The same law which determines the downward growth 
of the root in plants is responsible for the existence to-day of all the sciences of 
which mankind is proud. 

The difference between higher and lower forms is thus not so much qualitative 
as quantitative. In every case, whatever part of the living world we take as an 
example, we find the same apparent perfection of adaptation. Whereas, how- 
ever, in the lower forms the adaptation is within strictly defined limits, with 
rise in type the range of adaptation steadily increases. Especially is this marked 
if we take those groups which stand, so to speak, at the head of their class. It is 
therefore important to try and find out by a study of various forms the physio- 
logical mechanism or mechanisms which determine the increased range of 
adaptation. By thus studying the physiological factors, which may have made 
for success in the struggle for dominance among the various representatives of 
the living world, we may obtain an insight into the factors which will make for 
success in the further evolution that our race is destined to undergo. 

It is possible that, even at this time, objections may be raised to the applica- 
tion to man of conclusions derived from a study of animals lower in the scale. 
It has indeed been urged, on various grounds, that man is to be regarded as 
exempt from the natural laws which apply to all other living beings. When 
we inquire into the grounds for assuming this anomic, this outlawed condition 
of man, we generally meet with the argument that man creates his own environ- 
ment and cannot therefore be considered to be in any way a product of it. This 
modification or creation of environment is, however, but one of the means of 
adaptation employed by man in common with the whole living kingdom. From 
the first appearance of life on the globe we find that one of the methods adopted 
by organisms for their self-preservation is the production of some artificial 
surroundings which protect them from the buffeting of environmental change. 
What is the mucilaginous envelope produced by micro-organisms in presence of 
an irritant, or the cuticle or shell secreted by the outermost cells of an animal, 
but the creation of such an environment ? All unicellular organisms, as well as 
the units composing the lowest metazoa; are exposed to and have to resist every 
change in concentration and composition of the surrounding water. When, 
however, a body cavity or coelom, filled probably at first with sea-water, made 


_ its appearance, all the inner cells of the organism were withdrawn from the 


distributing influence of variations in the surrounding medium. The coelomic 
fluid is renewed and maintained uniform in composition by the action of the 
organism itself, so that we may speak of it as an environment created by the 
organism. The formation of a body cavity filled with salt solution at once 
increased the range of adaptation of the animals endowed therewith. Thus 
it enabled them to leave the sea, because they carried with them the watery 
environment which was essential for the normal activity of their constituent 
cell units. The assumption of a terrestrial existence on most parts of the earth’s 
surface involved, however, the exposure to greater ranges of temperature than 
was the case in the sea, and indicated the necessity for still further increase 
in the range of adaptation. Every vital process has its optimum tempera- 
ture at which it is carried out rapidly and effectively. At or a little above 
freezing point the chemical processes concerned in life are suspended, so that 
over a wide range of the animal. kingdom there must be an almost complete 
suspension of vital processes during the winter months, and at all times of the 
year a great dependence of the activity of these processes on the surrounding 
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temperature. It is evident that a great advantage in the struggle for existence 
was gained by the first animals which succeeded in securing thermal as well as 
chemical constancy of environment for their cells, thus rendering them indepen- 
dent of changes in the external medium. It is interesting to note that the 
maintenance of the temperature of warm-blooded animals at a constant height 
is a function of the higher parts of the central nervous system. An animal 
with spinal cord alone reacts to changes of external temperature exactly like a 
cold-blooded animal, the activity of its chemical changes rising and falling with 
the temperature. In the intact mammal, by accurately balancing heat loss 
from the surface against heat production in the muscles, the central nervous 
system ensures that the body fluid which is supplied to all the active cells has a 
temperature which is independent of that of thesurrounding medium, These are 
fundamental examples of adaptation effected by creation of an environment 
peculiar to the animal. Numberless others could be cited which differ only in 
degree from the activity of man himself. In some parts of this country, for 
instance, the activity of the beaver in creating an artificial environment has 
until lately been more marked than that of man himself. We are not justified, 
then, in regarding mankind as immune to the operation of natural forces which 
have determined the sequence of life on the surface of the globe. The same 
laws which have determined his evolution and his present position as the dominant 
type on the earth’s surface will determine also his future destiny. 

We are not, however, dealing with or interested in simple survival. Lower 
forms of life are probably as abundant on the surface of the globe as they were 
at any time in its history. Survival, as Darwin pointed out, is a question of 
differentiation. When in savage warfare a whole tribe is taken captive by the 
victorious enemy, the leaders and fighting men will be destroyed, while the 
slaves will continue to exist as the property of the victors. Survival, then, may 
be determined either by rise or by degradation of type. Success involves the 
idea of dominance, which can be secured only by that type which is the better 
endowed with the mechanisms of adaptation required in the struggle against 
other organisms. : 

Among the many forms of living matter which may have come into being 
in the earlier stages of the history of the earth, one form apparently became 
predominant and must be regarded as the ancestor of all forms of life, whether 
animal or vegetable, viz., the nucleated cell. The almost complete identity of 
the phenomena involved in cell division throughout the living kingdom indicates 
that all unicellular organisms and allorganisms composed of cells have descended 
from a common aneestor, and that the mode of its reproduction has been im- 
pressed upon all its descendants throughout the millions of years which have 
elapsed since the type was first evolved. The universal distribution of living cells 
renders it practically impossible for us to test the possibility of a spontaneous 
abiogenesis or new formation of living from non-living matter at the present 
time, We cannot imagine that all the various phenomena which we associate 
with life were attributes of the primitive life stuff. Even if we had such stuff 
at our disposal, it would be difficult to decide whether we should ascribe the 
possession of life to it, and there is no doubt that any such half-way material 
would, directly it was formed, be utilised as pabulum by the higher types of 
organism already abounding on the surface of the globe. 


Integration and Differentiation. 


An important step in the evolution of higher forms was taken when, by the 
aggregation of unicellular organisms, the lowest metazoon was formed. Initsmost 
primitive forms the metazoon consists simply of a cell colony, but one in which all 
individuals are not of equal significance. Those to the outer side of the mass, 
being exposed to different environmental advantages from those within, must 
even during the lifetime of the individual have acquired different characteristics. 
Moreover, the sole aim of such aggregation being to admit of co-operation by 
differentiation of function between the various cell units, the latter become 
modified according to their position, some cells becoming chiefly alimentary, 
others motor, and others reproductive. Co-operation and differentiation are, 
however, of no use without co-ordination. Each part of the organism must be 
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in a position to be affected by changes going on in distant parts, otherwise 
co-operation could not be effected. This co-operation in the lowest metazoon 
seems to be carried out by utilisation of the sensibility to chemical stimuli already 
possessed by the unicellular organism. We have thus co-ordination by means 
of chemical substances (‘ hormones ’) produced in certain cells and carried thence 
by the tissue fluids to other cells of the body, a mechanism of communication 
which we find even in the highest animals, including man himself. To such 
chemical stimuli we may probably ascribe the accumulation of wandering meso- 
derm cells—.e., phagocytes—in an organism such as a sponge, around a seat of 
injury or any foreign substance that has been introduced. By this mechanism it 
is possible for distant parts of the body to react to stimulation of any one part 
of the surface. Communication by this means is, however, slow, and may be 
compared to the state of affairs in civilised countries before the invention of the 
telegraph, when messengers had to ride to different parts of the kingdom in order 
to arouse the whole nation for defence or attack. 


Foresight and Control. 


Increased speed of reaction and therefore increased powers in the struggle 
for existence were obtained when a nervous system was formed, by a modification 
of the cells forming the outer surface of the organism. By the growth of long 
processes from these cells aconducting network was provided, running through all 
parts of the body and affording a channel for the rapid propagation of excitation 
from the surface to the deeper parts, as well as from one part of the surface to 
another. From this same layer were produced the cells which, as muscle fibres, 
would actasthe motive mechanism of the organism. Thus, from the beginning, 
the chief means of attack or escape were laid down in close connection with the 
surface from which the stimuli were received. A further step in the evolution 
of the nervous system consisted in the withdrawal of certain of the sensory or 
receptor cells from the surface, so that a specially irritable organ, the central 
nervous system, was evolved, which could serve as a distributing centre for the 
messages or calls to action initiated by changes occurring at the surface of the 
body. At its first appearance this central nervous system would hardly deserve 
the epithet of ‘central,’ since it formed a layer lying some distance below the 
surface, and extending over a considerable area ; though we find that very soon. 
there is an aggregation of the special cells to form ganglia, each of which 
might be regarded as presiding over the reactions of that part of the animal in 
which it is situated. Thus in the segmental wormlike animals a pair of ganglia 
is present in each body segment, and the chain of ganglia are united by longi- 
tudinal strands of nerve fibres to form the ganglionated cord, or central nervous 
system. 

Such a diffused nervous system, in which all ganglia were of equal value, could, 
however, only act for the common weal of the whole body when a reaction 
initiated by stimulation at one part was not counteracted by an opposing 
reaction excited from another part of the surface. For survival it is necessary 
that in the presence of danger, 7.c., an environment threatening the life of the 
individual or race, the whole activities of the organism should be concentrated 
on the one common purpose, whether of escape or defence. This could be 
effected only by making one part of the central nervous system predominant 
over al] other parts, and the part which was chosen for this predominance was 
the part situated in the neighbourhood of the mouth. This, in animals which 
move about, is the part which always precedes the rest of the body, and therefore 
the part which first experiences the sense impressions, favourable or dangerous, 
arising from the environment. It is this end that has to appreciate the presence 
or approach of food material, as well as the nature of the medium into which the 
animal is being driven by the movements of its body. Thus a predominance 
of the front end of the nervous system was determined by the special develop- 
ment at this end of those sense organs or sensory cells which are projicient— 
t.e., are stimulated by changes in the environment proceeding from disturbances 
at a distance from the animal. The sensory organs of vision, and the organs 
which correspond to our olfactory sense organs and are aroused by minute 


638 TRANSACTIONS OF SECTION I. 


changes in chemical composition of the surrounding medium, are always found 
especially at the front or mouth end of the organism. The chances of an animal 
in the struggle for existence are determined by the degree to which the responses 
of the animal to the immediate environment are held in check in consequence of 
stimuli arising from approaching events. The animal, without power to see or 
smell or hear its enemy, will receive no impulse to fly until it is already within 
its enemy’s jaws. It must therefore be an advantage to any animal that the 
whole of its nervous system should be subservient to those ganglia or central 
collections of nerve cells which are in direct connection with the projicient sense 
organs in the head. This subservience is secured by endowing the head centre 
with a power, firstly, of controlling and abolishing the activities (7.e., all those 
aroused by external stimuli) of allother parts of the central nervous system, and, 
secondly, of arousing these parts to a reaction immediately determined by the 
impression received from the projicient sense organs of the head, and originated 
by some change in the surroundings of the animal which has not yet affected 
the actual surface of its body. 


Education by Experience. 


The factors which so far determine success in the struggle for predominance 
are, in the first place, foresight and power to react to coming events, and, in the 
second place, control of the whole activities of the organism by that part of the 
central nervous system which presides over the reaction. The animal therefore 
profits most which can subordinate the impulses of the present to the exigencies 
of the future. 

An organism thus endowed is still, however, in the range of its reactions, 
a long way behind the type which has attained dominance to-day. The 
machinery we have described, when present in its simplest form, suffices for the 
carrying out of reactions or adaptations which are determined immediately by 
sense impressions, advantage being given to those reactions which are initiated 
by afferent stimuli affecting the projicient sense organs at the head end of the 
animal. With the formation of the vertebrate type, and probably even before, 
a new faculty makes its appearance. Up to this point the reactions of an animal 
have been what is termed ‘ fatal,’ not in the sense of bringing death to the animal, 
but as inexorably fixed by the structure of the nervous system inherited by the 
animal from its precursors. Thus it is of advantage to a moth that it should be 
attracted by, and fly towards light objects—e.g., white flowers—and such a re- 
activity is a function of the structure of its nervous system. When the light 
object happens to be a candle flame the same response takes place. The 
first time that the moth flies into and through the candle flame, it may only be 
scorched. It does not, however, learn wisdom, but the reaction is repeated so 
long as the moth can receive the light stimuli, so that the response, which in the 
average of cases is for the good of the race, destroys the individual under an 
environment which is different from that under which it was evolved. There 
is in this case no possibility of educating the individual, The race has to be 
educated to new conditions by the ruthless destruction of millions of individuals, 
until only those survive and impress their stamp on future generations whose 
machinery, by the accumulation and selection of minute variations, has under- 
gone sufficient modification to determine their automatic and ‘fatal’ avoidance 
of the harmful stimulus. 

The next great step in the evolution of our race was the modification of the 
nervous system which should render possible the education of the individual. 
The mechanism for this educatability was supplied by the addition, to the con- 
trolling sensory ganglia of the head, of a mass of nervous matter which could 
act, so to speak, as an accessory circuit to the various reflex paths already exist- 
ing in the original collection of nerve ganglia. This accessory circuit, or upper 
brain, comes to act as an organ of memory. Without it a child might, like the 
moth, be attracted by a candle flame and approach it with its hand. The injury 
ensuing on contact with the flame would inhibit the first movement and cause 
a drawing back of the hand. In the simple reflex mechanism there is no reason 
why the same series of events should not be repeated indefinitely, as in the case 
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of the moth. The central nervous system, however, is so constituted that every 
passage of an impulse along any given channel makes it easier for subsequent 
impulses to follow the same path. In the new nerve centre, which presents a 
derived circuit for all impulses traversing the lower centres, the response to the 
attractive impulse of the flame is succeeded immediately by the strong inhibitory 
impulses set up by the pain of the burn. Painful impressions are always pre- 
dominant. Since they are harmful, the continued existence of the animal 
depends on the reaction caused by such impressions taking the precedence of and 
inhibiting all others. The effect therefore of such a painful experience on the 
new upper brain must far outweigh that of the previous impulse of attraction. 
The next time that a similar attractive impression is experienced the derived 
impulse traversing the upper brain arouses not the previous primary reaction, 
but the secondary one, viz., that determined by the painful impressions attending 
contact with the flame. As a result, the whole of the lower tracts, along which 
the primary reaction would have travelled, are blocked, and the reaction—now 
an educated one—consists in withdrawal from or avoidance of the formerly 
attractive object. The burnt child has learnt to dread the fire. 

The upper brain represents a nerve mechanism without distinct paths, er 
rather with numberless paths presenting at first equal resistance in the various 
directions. As a result of experience, definite tracts are laid down in this system, 
so that the individual has the advantage not only of his lower reflex machinery 
for reaction, but also of a machinery which with advance in life is adapted 
more and more to the environment in which he happens to be. This educable 
part of the nervous system—#.e., the one in which the direction of impulses 
depends on past experience and on habit—is represented in vertebrates by the 
cerebral hemispheres. From their first appearance they increase steadily in 
size as we ascend the animal scale, until in man they exceed by many times in 
bulk the whole of the rest of the nervous system. 

We have thus, laid down automatically, increased power of foresight, founded 
on the Law of Uniformity. The candle flame injures the skin once when the 
finger is brought in contact with it. We assume that the same result will follow 
each time that this operation is repeated. This uniformity is also assumed in 
the growth of the central nervous system and furnishes the basis on which the 
nerve paths in the brain are laid down. ‘The one act of injury which has fol- 
lowed the first trial of contact suffices in most cases to inhibit and to prevent 
any subsequent repetition of the act. 


The Faculty of Speech. 


If we consider for a moment the vastness and complexity of the stream of 
impressions which must be constantly pouring into the central nervous system 
from all the sense organs of the body, and the fact that, at any rate in the growing 
animal, every one of these impulses is, so to speak, stored in the upper brain, 
and affects the whole future behaviour of the animal, even the millions of nerve 
cells and fibres which are to be found in the human nervous system would seem 
to be insufficient to carry out the task thrown upon them. Further development 
of the adaptive powers of the animal would probably have been rendered im- 
possible by the very exigencies of space and nutrition, had it not been for the 
development of the power of speech. A word is a fairly simple motor act and 
produces a correspondingly simple sensory impression. Every word, however, 
is a shorthand expression of a vast sum of experience, and by using words as 
counters it becomes possible to increase enormously the power of the nervous 
system to deal with its own experience. Education now involves the learning 
of these counters and of their significance in sense experience ; and the reactions 
of the highest animal, man, are for the most part carried out in response to words 
ane are governed by past education of the experience-content involved in each 
word. 
The power of speech was probably developed in the first place as a means 
of communication among primitive man living in groups or societies ; as a means, 
that is to say, of procuring co-operation of different individuals in a task in which 
the survival of the whole race was involved, But it has attained still further 
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significance. Without speech the individual can profit by his own experience 
and to a certain limited extent by the control exercised by the older and more 
experienced members of his tribe. As soon as experience can be symbolised 
in words, it can be dissociated from the individual and becomes a part of the 
common heritage of the race, so that the whole past experience of the race can 
be utilised in the education—.e., the laying down of nerve tracts—in the individual 
himself. On the other hand, the community receives the advantage of the 
foresight possessed by any individual who happens to be endowed with a central 
nervous system which transcends that of his fellows in its powers of dealing with 
sense impressions or other symbols. The foresight thus acquired by the whole 
community must be of advantage to it and serve for its preservation. It is 
therefore natural that in the processes of development and division of labour, 
which occur among the members of a community just as among the cell units 
composing an animal, a class of individuals should have been developed, who 
are separated from the ordinary avocations, and,are, or should be, maintained 
by the community, in order that they may apply their whole energies to the 
study of sequences of sense impressions. These are set into words which, as 
summary statements of sequence, are known to us as the Laws of Nature. 
These natural laws become the property of the whole community, become 
embodied by education into the nervous system of its individuals, and serve 
therefore as the experience which will determine the future behaviour of its 
constituent units. This study of the sequence of phenomena is the office of 
Science. Through Science the whole race thus becomes endowed with a fore- 
sight which may extend far beyond contemporary events, and may include in 
its horizon not only the individual life, but that of the race itself, as of races to 
come. 


Social Conduct. 


I have spoken as if every act of the animal were determined by the complex 
interaction of nervous processes whose paths through the higher parts of the 
brain had been laid down by previous experience, whether of phenomena or of 
words as symbolical of phenomena. The average conduct, however, of the 
individual, determined at first in this way, became by repetition automatic—.e., 
the nerve paths are so facilitated by frequent use that a given impulse can take 
only the direction which is set by custom. The general adoption of the same 
line of conduct by all the individuals of a community in face of a given con- 
dition of the environment gave in most cases an advantage to those individuals 
who were endowed with a nervous system of such a character that the path could 
be laid down quickly and with very little repetition. Thus we get a tendency, 
partly by selection, largely by education, to the establishment of reactions which, 
like the instincts of animals, are almost automatic in character. As MacDougall 
has pointed out, the representations in consciousness of automatic tendencies 
are the emotions. Moral conduct, being that behaviour which is adapted to 
the individual’s position in his community, is largely determined by these paths 
of automatic action, and the moral individual is he whose automatic actions and 
consequent emotions are most in accord with the welfare of his community, or 
at any rate with what has been accepted as the rule of conduct for the community. 


Rise in Type dependent on Brain. 


Thus, in the evolution of the higher from the lower type, the physiological 
mechanisms, which have proved the decisive factors, can be summed up under 
the headings of integration, foresight and contro]. In the process of integration 
we have not only a combination of units previously discrete, but also differentia- 
tion of structure and function among the units. They have lost, to a large 
extent, their previous independence of action and, indeed, power of independent 
action, the whole of their energies being now applied to fulfilling their part in the 
common work of the organism. At first bound together by but slight ties and 
capable in many cases of separating to form new cell colonies, they have finally 
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atrived at a condition in which each one is absolutely dependent for its exist- 
ence on its connection with the rest of the organism and is also essential to the 
well-being of every other part of the organism. 

This solidarity, this subjection of all selfish activity to a common end, namely 
preservation of the organism, could only be effected by a gradual increase in the 
control of all parts by one master tissue of the body, whose actions were deter- 
mined by impulses arising from sense organs which themselves were set into 
activity by coming events. We thus have with the rise in type a gradually 
rising scale in powers of foresight, in control by the central nervous system, and 
in the solidarity of the units of which the organism is composed. 

In the struggle for existence the rise in type has depended therefore on the 
central nervous system and its servants. Rise in type implies increased range 
of adaptation, and we have seen that this increased range, from the very beginning 
of a nervous system, was bound up with the powers of this system. Whatever 
opinion we may finally arrive at with regard to the types of animals which we 
may claim as our ancestors on the line of descent, there can be no doubt that 
Gaskell is right in the fundamental idea which has guided his investigations 
into the origin of vertebrates. As he says, ‘ the law for the whole animal kingdom 
is the same as for the individual. Success in this world depends upon brains.’ 
The work by this observer which has lately appeared sets forth in greater detail 
than I have been able to give you to-day the grounds on which this assertion is 
based, and furnishes one of the most noteworthy contributions to the principles 
of evolution which have been published during recent years. 

We must not, however, give too restrictive or common a meaning to the 
expression ‘brains’ used by Gaskell in the dictum quoted above. By this word 
we imply the whole reactive system of the animal. In the case of man, as of some 
other animals, his behaviour depends not merely on his intellectual qualities or 
powers, to which the term ‘ brain’ is often in popular language confined, but 
on his position as a member of a group or society. His automatic activities in 
response to his ordinary environment, all those social acts which we ascribe in 
ourselves to our emotions or conscience, are determined by the existence of 
tracts in the higher parts of his brain, access to which has been opened by 
the ruthless method of natural selection and which have been deepened and 
broadened under the influence of the pleasurable and painful impressions which 
are included in the process of education. All the higher development of man 
is bound up with his existence as a member of a community, and in trying to 
find out the factors which will determine the survival of any type of man, we 
must give our attention, not to the man, but to the tribe or community of which 
he is a member, and must try to find out what kind of behaviour of the tribe 
will lead to its predominance in the struggle for existence. 


Political Evolution. 


The comparison of the body politic with the human body is as old as political 
economy itself, and there is indeed no reason for assuming that the principles 
which determine the success of the animals formed by the aggregation of 
unicellular organisms should not apply to the greater aggregations or com- 
munities of the multicellular organisms themselves. It must be remembered 
however, that the principles to which I have drawn your attention are not those 
that determine survival, but those which determine rise of type, what I have 
called success. Evolution may be regressive as well as progressive. Degenera- 
tion, as Lankester has shown, may play as great a part as evolution of higher 
forms in determining survival. The world still contains myriads of unicellular 
organisms as well as animals and plants of all degrees and complexity and of 
rank in the scale of life. All these forms are subordinate to man, and when in 
contact with him are made to serve his purposes. In the same way all mankind 
will not rise in type. Many races will die out, especially those who just fall 
short of the highest type, while others by degradation or differentiation may 
continue to exist as parasites or servants of the higher type. 

Mere association into a community is not sufficient to ensure success ; there 
must also be differentiation of function among the parts, and an entire sub- 
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ordination of the activity of each part to the welfare of the whole. It is this 
lesson which we English-speaking races have at the present time most need 
to learn. In the behaviour of man almost every act is represented in conscious- 
ness as some emotion, experience or desire. The state of subordination of the 
activities of all units to the common weal of the community has its counter- 
part in consciousness as the ‘spirit of service.’ The enormous value of such 
a condition of solidarity among the individuals constituting a nation, inspired, 
as we should say, by this spirit of service, has been shown to us lately by Japan. 
In our own ease the subordination of individual to state interests, such as is 
necessary for the aggregation of smaller primitive into larger and more complex 
communities, has always presented considerable difficulty and been accomplished 
only after severe struggle. Thus the work begun by Alexander Hamilton and 
Washington, the creation of the United States, is still, even after the unifying 
process of a civil war, incomplete and marred by contending state and individual 
interests. The same.sort of difficulties are being experienced in the integra- 
tion of the units, nominally under British control, into one great nation, in which 
all parts shall work for the good of the whole and for mutual protection in the 
struggle for survival. 


The Lesson of Evolution. 


Just as pain is the great educator of the individual and is responsible for the 
laying down of the nervous paths, which will determine his whole future conduct 
and the control of his lower by his higher centres, so hardship has acted as the 
integrator of nations. It is possible that some such factor with its attendant 
risks of extermination may still be necessary before we attain the unification of 
the British Empire, which would seem to be a necessary condition for its future 
success. But if only our countrymen can read the lesson of evolution and are 
endowed with sufficient foresight, there is no reason why they should not, by 
associating themselves into a great community, avoid the lesson of the rod. 
Such a community, if imbued by a spirit of service and guided by exact know- 
ledge, might be successful above all others. In this community not only must 
there be subordination of individual to communal interests, but the behaviour 
of the community as a whole must be determined by anticipation of events— 
i.e., by the systematised knowledge which we call Science. The universities 
of a nation must be like the eyes of an animal, and the messages that these 
universities have to deliver must serve for the guidance and direction of the whole 
community, 

This does not imply that the scientific men, who compose the universities 
and are the sense organs of the community, should be also the rulers. The reactions 
of a man or of a higher mammal are not determined immediately by impulses 
coming from his eyes or ears, but are guided by these in association with, and 
after they have been weighed against, a rich web of past experience, the organ 
of which is the higher brain. It is this organ which, as the statesman of the cell 
community, exercises absolute control. And it is well that those who predicate 
an absolute equality or identity among all the units of a community should 
remember that, although all parts of the body are active and have their part to 
play in the common work, there is a hierarchy in the tissues—different grades 
in their value and in their conditions. Thus every nutritional mechanism of 
the body is subordinate to the needs of the guiding cells of the brain. If an 
animal be starved, its tissues waste ; first its fat goes, then its muscles, then its 
skeletal structures, finally even the heart. The brain is supplied with oxygen 
and nourishment up to the last. When this, too, fails, the animal dies. The 
leading cells have first call on the resources of the body. Their needs, however, 
are soon satisfied, and the actual amount of food or oxygen used by them is 
insignificant as compared with the greedy demands of a working muscle or gland 
cell. In like manner every community, if it is to succeed, must be governed, 
and all its resources controlled by men with foreseeing power and rich ex- 
perience—i.ec., with the wisdom that will enable them to profit by the teachings 
of science, so that every part of the organism may be put into such a condition 
as to do its optimum of work for the community as a whole. 

At the present time it seems to me that, although it is the fashion to acquiesce 
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in evolution because it is accepted by biologists, we do not sufficiently realise 
the importance of this principle in our daily life, or its value as a guide to 
conduct and policy. It is probable that this doctrine had more influence 
on the behaviour of thinking men in the- period of storm and controversy 
which followed its promulgation fifty years ago than it has at the present day 
of lukewarm emotions and second-hand opinions. Yet, according to their 
agreement with biological laws, the political theories of to-day must stand or fall. 
It is true that in most of them the doctrine of evolution is invoked as supporting 
one or other of their chief tenets. The socialist has grasped the all-importance 
of the spirit of service, of the subordination of the individual to the community. 
The aristocrat, in theory at any rate, would emphasise the necessity of placing 
the ruling power in the hands of the individuals most highly endowed with 
intelligence and with experience in the affairs of nations. He also appreciates 
the necessity of complete control of all parts by the central government, though 
in many cases the sense organs which he uses for guidance are the traditions 
of past experience rather than the science of to-day. The liberal or individualist 
asserts the necessity of giving to each individual equal opportunities, so that there 
may be a free fight between all individuals in which only the most highly gifted 
will survive. It might be possible for another Darwin to give us a politic which 
would combine what is true in each of these rival theories, and would be in 
strict accord with our knowledge of the history of the race and of mankind, 
As a matter of fact the affairs of our states are not determined according to any 
of these theories, but by politicians, whose measures for the conduct of the com- 
munity depend in the last resort on the suffrages of their electors—i.e., on the 
favour of the people as a whole. It has been rightly said that every nation has 
the government which it deserves. Hence it is all-important that the people 
themselves should realise the meaning of the message which Darwin delivered 
fifty years ago. On the choice of the people, not of its politicians, on its power 
to foresee and to realise the laws which determine success in the struggle for 
existence, depends the future of our race. It is the people that must elect men 
as rulers in virtue of their wisdom rather than of their promises. It is the people 
that must insist on the provision of the organs of foresight, the workshops of 
exact knowledge. It is the individual who must be prepared to give up his 
own freedom and ease for the welfare of the community. 

Whether our type is the one that will give birth to the super-man it is 
impossible to foresee. There are, however, two alternatives before us. As 
incoherent units we may acquiesce in an existence subordinate to or parasitic 
on any type which may happen to achieve success, or as members of a great 
organised community we may make a bid for determining the future of the world 
and for securing the dominance of our race, our thoughts and ideals. 


The following Papers and Report were then read :— 


1, The Inorganic Composition of the Blood in Puerperal Eclampsia. 
By Professor A. B. Macatuum, F.R.S. 


2. Report on the Ductless Glands.—See Reports, p. 293. 


3. On the Comparative Anatomy and Histology of the Thyroid and 
Parathyroid Glands. By Mrs. W. H. Tuompson. 


4. On the Comparative Physiology of the Thyroid and Parathyroia 
Glands. By Dr. Branpson and Dr. J. A. Haupenny. 


TT 2 
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MONDAY, AUGUST 30. 
The following Papers and Report were read :-— 


1. Preliminary Note on the Origin and Function of the Postero-Septal 
Tract. By W. Paar May, M.D., D.Sc. 


Aided by numerous microscopical specimens and lantern slides, Dr. Page 
May gave a description of a descending tract discovered by him some 
five years before in the brain stem and spinal cord of the monkey. For 
this nerve path he suggests the name of the postero-septal tract. He 
demonstrated its presence in several monkeys and dogs and traced its origin 
and course as presented chiefly by two methods, viz., secondary degeneration 
according to the Law of Waller, with subsequent staining by osmic acid, 
and also by retrograde chromatolysis arising in the nerve cells which give 
origin to the fibres of the tract following upon section of these fibres. He 
traced the postero-septal tract from its origin in the joint region of the 
optic thalamus and corpora quadrigemina along chiefly the mesial fillet 
into the posterior columns of the spinal cord, where it lies symmetrically 
on either side in close contact with the posterior septum and descends 
slightly diminishing to the lower thoracic region, where it rapidly ter- 
minates in the 10th and 11th thoracic segments. 

A series of somewhat detailed experiments with a view to elicit the 
function of this tract has only so far definitely shown that it is not con- 
cerned with the pyramidal or voluntary motor path, nor with any obvious 
vasomotor processes of the spleen, kidney, and other important organs as 
examined by the plethysmographic method. As, however, the postero- 
septal tract is relatively of fair size, its functions must be somewhat 
important, and is receiving further investigation. 


2. Degenerative Changes, with especial reference to the Brain, following 
Lesions of the Spinal Cord. By W. Paar May, M.D., D.Sc. 


Dr. Page May demonstrated with microscopic specimens and lantern 
slides changes which occur in certain cells and groups of cells, more particu- 
larly in the brain subsequent to various lesions in the spinal cord and other 
parts of the central nervous system. These changes were not only shown 
in the red nucleus, deiters nucleus, and various other groups of cells which 
give origin to cerebro-spinal fibres and spino-cerebral fibres, but in a 
joint work by him and Dr. Gordon Holmes had served to delimit the true 
motor area in the cerebral cortex of the cat, dog, lemur, monkey, chim- 
panzee, and man. The cerebral cortex in each series of cases was cut in 
serial section, and according to the period of time allowed to elapse after 
the lesion, the absence of certain cells or chromatolytic changes in these cells 
made it easy to map out, in addition to the motor area, the actual cells 
themselves, which give origin to cortico-spinal fibres. The bearing of this 
knowledge on clinical work was briefly indicated. 

The method of investigation chosen is free from numerous possible 
fallacies which occur in the stimulation and ablation methods frequently 
adopted in the past, and which have given many discordant results in the 
hands of numerous observers. It showed definitely that the cerebral motor 
area in man and the higher mammals is pre-central, not at all post-central, 
and in addition gave many important details. Some of these results are in 
disagreement with statements in regard to the cortical motor area as given 
even in many recent textbooks, but in the main confirm, and by an entirely 
different process, the results of Grinbaum and Sherrington in their classical 
work on the chimpanzeé. 


%.. 
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3. The Pyramid Decussation in the Sheep. 
By J. Lus.ua Kina, A.B., and Surueruanp Simpson, M.D., D.Sc. 


Very little is known with regard to the course of the pyramid tract fibres 
in the ungulata. Ziehen,’ by differential staining with urancarmine and 
nigrosine, in an uninterrupted series of sections through the bulbar 
decussation in the sheep, believes that the pyramid fibres after crossing divide 
themselves into two groups; one passes to the recticular formation in the 
posterior part of the lateral column, the other goes through the grey matter 
and turns downwards in the lateral part of the column of Burdach. The 
posterior horn lies between the two divisions. Kingsbury (from unpublished 
work) with Weigert staining in the normal sheep, followed the decussated 
fibres, or many of them, into the posterior column. The results obtained by 
‘these methods, however, are not conclusive in tract tracing, since there is no 
means of knowing the source of the fibres under consideration. Only the 
developmental or degeneration method is of service. 

We have used six adult sheep and two young lambs, but the latter have 
not yet beenexamined. After first locating the motor area, which we found 
to lie in the superior frontal convolution, we extirpated it in the left cerebral 
hemisphere and followed the resulting degeneration by the Marchi method. 
The sections above the medulla oblongata have not been carefully examined 
as yet, and we deal here simply with the decussation. 

The degenerated fibres of the pyramid are finer than those in the cat, 
dog, or monkey. They pass backwards in the raphe toward the central canal, 
and then, turning abruptly outwards, direct their course through the grey 
matter to the recticular formation on the antero-lateral aspect of the 
posterior horn, in the bundles of which they appear to turn downwards. 
No degenerated fibres can be followed into the funiculus gracilis or funiculus 
cuneatus in the bulb nor into the columns of Goll or Burdach at a lower 
level. A large proportion of the fibres—in some sections almost an equal 
number—instead of crossing the middle line, turn outwards on the same side, 
and follow a course similar to that described for the crossed fibres. The 
posterior longitudinal bundles at this level in transverse section show a 
considerable number of black dots, but whether these represent degenerated 
fibres from the pyramid tract is uncertain. Below the first cervical segment 
of the spinal cord we find no evidence of any tract degeneration. The crossed 
and uncrossed fibres appear to end in the processus reticularis ; at all events, 
we have not succeeded in tracing them beyond this. 

The points of interest are—(1) that no pyramid tract, 7.e., cortico-spinal, 
fibres can be followed into the posterior columns ; (2) the large proportion 
of direct to crossed fibres ; (3) the fact that the fibres cannot be traced in 
the spinal cord below the first cervical segment. 


4. The Cortico-Spinal Tract in the Guinea-pig. 
By Ipa Z. Revewzy, M.A., and SutHervanp Smpson, M.D., D.Sc. 


The position of the. cortico-spinal or pyramid tract shows greater varia- 
tion than that of any other strand of fibres in the spinal cord. In the 
majority of mammals that have been investigated (man, monkey, cat, dog, 
rabbit) its main division—the crossed pyramid tract—lies in the posterior 
part of the lateral column, but in others—guinea-pig, rat, squirrel—it is 
said to run in the posterior column. The evidence for this statement is, 
in many cases, not conclusive, since the course of the fibres has been traced 
not by the developmental or degeneration method, but simply by following 
them in serial section through the decussation in the medulla oblongata down 
into the upper part of the spinal cord. 


1 Ziehen, Anat. Anz. Bd. 17, 1900, S. 237. 
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In our experiments six guinea-pigs were used. A lesion was made 
involving the whole of the motor cortex in the left cerebral hemisphere and 
the degeneration from it followed by the Marchi method. Above the decussa- 
tion nothing calling for special notice was observed except the relatively 
small area occupied by the transverse section of the pyramids in the medulla 
oblongata. Fibres begin to cross over from the degenerated pyramid about 
the level of the calamus scriptorius and continue to do so till the lower level 
of the medulla is reached. They are found in small but well-defined bundles, 
which after decussating pass backward through the grey matter, and then 
turn downward in the funiculus cuneatus, and, to a less extent, in the 
funiculus gracilis, close to the grey matter. In the first cervical segment 
they are found in the columns of Burdach and Goll, but a comparatively 
large proportion disappear in the grey matter of the bulb and probably end 
there. At the level of the seventh cervical segment they run down close to 
the postero-mesial border of the neck of the posterior horn and are much less 
numerous than in the first cervical segment. The number rapidly 
diminishes caudalwards and at the level of the fourth lumbar segment the 
tract is represented by not more than half a-dozen degenerated fibres. In the 
sacral region they are entirely absent. 

In the lower part of the decussation a very few fibres pass into the 
posterior column of the same side; these are not evident in the spinal cord 
below the second cervical segment. No fibres seem to pass into the lateral 
column of either side and none remain in the anterior column below the 
decussation. The proportion of crossed to direct fibres is much greater than 
in the cat, dog, or monkey. 

It is important to note that the relation of the fibres of the pyramid 
tract to the grey matter at the base of the posterior horn is the same in the 
guinea-pig as in those animals in which they run in the lateral column, the 
only difference being that in the one case they are placed on its postero- 
mesial and in the other on its antero-lateral aspect. Another point worthy 
of notice is the large proportion of fibres which, after crossing, terminate in 
the grey matter of the medulla oblongata, and the relatively small number 
which pass down the cord. 


5. Ascending Tracts in the Spinal Cord of the Cat. 
By E. G. Psrerson, A.B. 


The object of this investigation was primarily to ascertain whether there 
is any anatomical evidence for the statement that a certain proportion of 
the long ascending fibres of the posterior columns of the spinal cord from 
one side cross the middle line and pass up the corresponding column of the 
opposite side (Oddi and Rossi,’ Loewenthal,*? Van Valkenburg,* and others). 

The posterior roots were divided between the ganglia and the spinal cord 
on one side (right) in four cats. In one the fifth lumbar and seventh 
thoracic roots were cut simultaneously, in the second the fifth lumbar and 
twelfth thoracic, in the third the fifth lumbar alone, and in the fourth the 
eta cervical alone. The resulting degeneration was traced by the Marchi 
method. 

Where the double lesion was made the two zones of degeneration, with a 
clear area between, can be traced to the medulla oblongata where the fibres 
ef both zones end in the nucleus gracilis. No posterior column fibres are 
found at a higher level than these nuclei, and none are seen to join the 


* Oddi and Rossi, Arch. ital. de Biol. t. 13, 1890, p. 382. 
* Loewenthal, Internat. Monatsch. Bd. 10, 1893. 
* Van Valkenburg, Neurol. Centralb, 1909, S. 2. 
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restiform body. Hoche,! Schaffer,? and Purves Stewart? in man found 
distinct degeneration above the level of these nuclei in the internal and 
external arcuate fibres of the medulla. Mott* and Sherrington ° found no 
such fibres in the monkey, and in the cat no trace of any are to be seen. 
Dydynski ° states that some fibres from the dorsal columns pass direct through 
the corpora restiformi to the cerebellum. This is not in agreement with my 
observations in the cat. All the fibres that reach the bulb terminate in the 
nuclei of the posterior columns. 

In every case there is a symmetrical though much less intense degenera- 
tion in the corresponding column of the opposite side, but this is due, in all 
probability, to some incidental injury to the cord or nerve roots during or 
subsequent to the operation, since a slight degeneration is also found in the 
dorsal cerebellar, and, to a less extent, in the ventral cerebellar tracts on buth 
sides. No long fibres can be traced across the middle line from the posterior 
column on the side of the lesion to that of the other side, although some are 
found passing into the grey matter of the opposite side through the posterior 
grey commissure for a few segments above the lesion and many end in 
Clarke’s column of the same side. 

In the experiment where the fifth lumbar root alone was divided a well- 
defined area of degeneration is present in the position of the dorsal cere- 
bellar tract lateral to the entering dorsal root. This can be traced to the 
cerebellum through the restiform body, but the number of fibres gradually 
diminishes cephalicwards and only comparatively few reach the cerebellum. 
Those that disappear in the cord represent proprio-spinal fibres, some of 
which extend from the lower part of the lumbar region to the upper part of 
the cervical region. In the cat, therefore, some fibres of the dorsal cerebellar 
tract take origin as far caudalwards as the fifth lumbar segment, and it may 
be farther. The fibres in question maintain their position close to the 
posterior root and the degeneration is not due to the fibres of Gower’s bundle 
finding their way into Flechsig’s bundle,’ since in this specimen no 
degeneration exists in Gower’s tract at any level. 

The degeneration from the seventh cervical posterior root was followed to 
the upper limit of the nucleus cuneatus but no farther. 


6. On the Natural Secretion of the Adrenal Bodies. 
By Dr. F. A. Youna. 


The elimination of suprarenal activity was attempted te placing liga- 
tures about the vessels to and from the suprarenal capsules. The circulation 
was thus obstructed for from one to five hours while the blood pressure was 
recorded in six experiments on dogs. 

Practically no fall in the pressure was occasioned. 


7. The Opposite Electrotaxis of Animal and Vegetable Cells. 
By Professor W. M. Tuornton, D.Sc. 


Some years ago (August 1904), whilst examining the influence of an 
electric field on small elongated bodies suspended in liquids, the author 
tried diatoms. These orientate quickly under the influence of alternating 


* Hoche, Archiv f. Psych. u. Nervenkr. Bd. 28, 1896, S. 510. 

? Schaffer, Arch. f. Mikros. Anat. Bd. 43, S. 242. 

* Purves Stewart, es vol. 24, 1901, p. 222. 

* Mott, Brain, 1895, 

- Sherrington, Jour. OF Physiol., 1893, p. 255, 

® Dydynski, Neurol. Cent., 1903, 8. 898. 

7 Schafer and Ninian Bruce, Jour. Physiol. Proc., vol. 35, p. xlix. 
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fields. The movement is identical with that obtained with short inorganic 
filaments, and is a consequence of the relative electrical conductivity or 
specific inductive capacity of the body and the surrounding liquid. 

To obtain the diatoms a pond scum was used, rich in animal and 
vegetable organisms. On trying the effect of direct currents the movement 
was remarkable. Elongated organisms orientated as before into line with 
the current, but at the same time there were two movements of translation, 
several animal cells moving against the current—i.e., towards the positive 
pole—and vegetable cells towards the negative pole. The movement started 
and stopped instantaneously with the current, and had all the appearance 
of a forced mechanical action similar to that obtained with inorganic 
matter. The sliding action of the two kinds across one another in opposite 
directions was very striking. Separate examination of the organisms gave 
the same difference, but motility of any kind led to cross effects. 

On repeating the experiment recently (June-July 1909) the same results 
were obtained. Blood cells of any animal and the contents of infusoria were 
found to move towards the positive pole. The contents of small fresh-water 
worms moved within the skin in the same direction, clearing the sac at one 
end or side. Those which moved towards the negative pole were the cells of 
algee and bacteria. Filaments of vaucheria anchored at one end and at right 
angles to the poles moved towards the negative. Out of several hundred 
observations not more than ten were of doubtful sign. As an example, a uni- 
cellular alga was found to move on the glass slide equally well in either 
direction, the two movements being simultaneous. It was suspected that 
the cleaning of the slide by rubbing with a cloth electrified its surface, 
so that when the cells were transferred to it they received other electrifica- 
tion. Passing the slide through a bunsen flame before use removed the 
surface charge, and the movement was then always to the negative. Para- 
mecium has*been found to move to the negative pole, but ciliates of any 
kind have both the stimulus to movement of the cilia and that of the cell 
contents in the above manner. I find that paramzcium always bursts 
towards the positive pole under the influence of the electric field. All the 
observed actions reverse when the direction of the current is reversed, and 
care must be taken to eliminate the effect of streaming under the cover slip. 

The effects are so well marked that ong is led to hazard the speculation 
whether the essential difference between animal and vegetable matter is that 
animal cells are on the whole negatively electrified (and so move to the 
positive pole), and vegetable cells positively electrified. The difference may 
extend to the protoplasm. 

In support of this there is the fact that the electrical response current 
in an animal skin is opposite in sign to that in a vegetable skin; one is 
ingoing, the other outgoing, suggesting an essential difference between the 
internal electrical states. 

It is difficult to find an explanation of the difference in the movement 
which does not introduce difference in the electrical charge of the cells. 
There is no change of the shape or dimensions. 

In order to observe the effect with certainty it is necessary to use non- 
motile cells and an electrical pressure of about 50 volts per centimetre 
through a thin film of liquid. 


8. Causal Factors in the Diurnal Variation in Body Temperature. 
By SurHeruanpD Stmeson, M.D., D.Sc. 


The temperature of the human body is not constant, but shows a well- 
marked diurnal variation. The minimum is reached in the early morning 
some time between two and seven o’clock, and the maximum in the after- 
noon between four and eight o’clock. The cause of this normal fluctuation 
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is not understood, but by some it is believed to be simply an expression of 
the phases of activity and rest through which the body passes in the twenty- 
four hours. 

Muscular exercise, the ingestion of food, the stimulating effect of light, 
and tissue activity of any kind have a tendency to raise the body tempera- 
ture, whereas rest and sleep lower it, and the daily temperature rhythm 
may be the resultant effect of these various influences. If this were so, one 
would expect to find that, by inverting the daily routine of life, the 
temperature curve should also be inverted. 

Mosso * and Benedict * have studied the effect of night work and day rest 
and sleep on the temperature rhythm, and both have come to the conclusion 
that the normal temperature curve cannot be inverted by inverting the daily 
routine, for while rest and sleep during the day lower the temperature, work 
during the night does not raise it appreciably. 

These results would appear to show that the daily oscillation of the 
body temperature is not due directly to the causes already mentioned, but 
that it may have a deeper significance, and may indicate a diurnal 
periodicity in the body, comparable in character to the seasonal and lunar 
changes which are known to occur in certain plants and animals. That 
a certain fixity of the temperature rhythm is present in the body is the 
most obvious interpretation of the failure of Mosso and of Benedict to 
invert it. 

Instead of altering the daily routine artificially in a fixed locality, the 
same may be effected in a natural way by changing the locality, for an 
individual who travels round the world from west to east, or vice versa, 
especially in high latitudes, quickly alters his daily routine. 

It was with the view of finding the effect of such a change of locality 
on the temperature rhythm that the author made some observations on his 
own body temperature during a journey eastward from Ithaca, in the 
western part of the State of New York, to Edinburgh, and westward again 
‘from Edinburgh to Winnipeg. Readings were taken from the mouth, 
axilla, and rectum every three hours from 9 a.m. till midnight, and during 
the night at irregular intervals whenever the observer happened to wake up. 
The temperature curve for Ithaca was obtained by recording observations 
for one week before leaving. The eastward journey was begun on the night 
of June 25 and Edinburgh was reached at 9 p.m. on July 4; during the 
voyage Ithaca time was gradually falling behind the local (ship’s) time, 
and at Edinburgh there was a difference of about five hours. If the Ithaca 
thythm had been fixed in the body, one would expect to find that the 
temperature curve should tend to lag behind, so that the sharp morning 
rise, which was found to occur between 7 and 9, would appear later 
each successive day, and finally fall between 12 and 2 p.m. in Edinburgh. 
Such, however, was not the case. The temperature curve seemed to be 
governed entirely by local time and not by Ithaca time. 

Six weeks were spent in Scotland, the journey westward was begun 
on August 14, Winnipeg being reached on August 27. The difference in 
time amounts to about seven hours, and it was found, as in the voyage 
eastward, that the temperature rhythm adjusted itself at once to the 
change of routine. The temperature curve in Winnipeg differed in no 
respect from the normal curves in Ithaca and in Edinburgh, and showed 
no trace of the persistence of an Ithaca or Edinburgh rhythm. This 
appears to be in agreement entirely with the observations of Gibson * and 
of Osborne,* made under somewhat similar circumstances. 


1 U. Mosso, Arch. Ital. de Biol., 1887, viii., p. 177. 

? Benedict, Amer. Jour. Physiol., 1904, vol. xi., p. 146. 

$ Gibson, Amer. Jour. of the Medical Sciences, June 1905, p, 1048. 
* Osborne, Jour. Physiol. (Proc.), Jan. 25, 1908. 
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The effects of changes in the environmental conditions were also studied, 
and the results will be given when the paper is published in extenso. 


9. Report on the Electrical Phenomena and Metabolism of Arum 
Spadices.—See Reports, p. 315. 


TUESDAY, AUGUST 31. 


Joint Discussion with Section B on the Chemistry of Food.—See p. 459. 
The following Paper was then read :— 


Observations on the Micro-organisms of the Gaertner Group (‘ Meat- 
poisoning Bacilli’), with special reference to their Agglutination, 
Reactions, and their Behaviour on Coloured Substrata. By Pro- 
fessor EK. J. McWeeney, M.A., M.D., D.P.H. 


Professor McWeeney referred briefly to the economic aspect of the 
subject. Outbreaks of this sort of illness are not uncommon, and are often 
described as cases of ptomaine-poisoning. They are caused by the ingestion 
of meat that had become infected with micro-organisms of which the 
prototype was isolated by Gaertner from an outbreak at Frankenhausen 
in the late ’eighties of the last century, and which are therefore known 
as the Gaertner group. They are all short bacilli endowed with extremely 
active mobility. They do not liquefy the nutrient gelatine, and form, 
colonies on it closely resembling those of the ordinary intestinal organism, 
bacillus coli communis. They differ from bacillus coli, however, and 
resemble the typhoid bacillus in their inability to ferment lactose or 
form indol. Of Gaertner bacilli there are at least two types, the original 
or true Gaertner, which was isolated by Van Ermengem and his pupils 
from the outbreaks of meat-poisoning at Rumfleth, Hanstadt, Morseele, 
&c., and that known as the Fliigge-Kaensche, or Aertryk type. These 
bacilli are also closely allied to, if not identical with, those causing a 
disease resembling typhoid fever and known as paratyphoid—a disease 
which is often due to ingestion of specifically infected articles of food. 

It would seem as though, when small numbers only of the specific bacilli 
are present in the infected meat, a general invasion of the organism took 
place, accompanied by a febrile reaction with a definite incubation period 
and the symptom-complex known as paratyphoid fever. When, on the other 
hand, the meat contained a large dose of the virulent metabolic products 
of the organism, the symptoms came on at once, or after the lapse of a 
few hours, and speedily ended in death or recovery. In no case could the 
term ptomaine poisoning be considered applicable to these cases, as the 
word implies putrefaction, which is certainly neither an essential nor 
even a usual condition of the meat in these cases. It is often quite fresh. 

After briefly referring to the main features of the disastrous outbreak 
of meat-poisoning at Limerick, which he had occasion to investigate last 
year, the author said that the conclusions to which he had been led by 
his study of the bacillus of meat-poisoning were as follows: 

1. The particular strain or race of Gaertner bacillus isolated by him 
from the Limerick case is of high virulence for rats and mice when 
administered with food. Rabbits succumb to subcutaneous injections not 
merely of the living bacillus, but also of old cultures heated to 65” C. 
Very old (nine months) cultures, however, are found to have lost their 
virulence. A calf aged four months was killed in seven hours by the 
injection of 20 cubic centimetres of culture-fluid into the jugular vein. 
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The symptoms were severe dyspnoea, with great rapidity of respiration 
coming on within a couple of hours after injection, and followed by 
purging and collapse, with fall of temperature to 97°. Dogs appeared 
to be immune, and also guinea-pigs—at any rate, to infection by the mouth. 

2. The bacillus has a special predilection for the muscular tissue, and 
can always be isolated from it. Portions of muscle from infected rats and 
mice communicate the disease to their cage-mates. 

3. The bacillus spreads with great rapidity through normal cooked 
meat. This was tested by placing some of the culture on a slice of cold 
roast beef, on the top of which were laid a number of other slices, and 
the whole left to stand till next day at room temperature, when the 
bacilli were found to have spread through a layer of beef between five and six 
inches thick. 

4. The bacilli of the Gaertner group comprise, in addition to true 
Gaertner, the Aertryk bacillus, paratyphoid bacillus, and Ratin, which is 
used for the extermination of rats. After an extensive series of parallel 
cultures on the several coloured substrata which have been suggested for 
the detection and differentiation of bacilli of this group, the author was 
unable to differentiate between them culturally. Neither on Drigalski, 
Endo, McConkey, Conradi, Fawcus’s modification of Conradi, nor on 
Werbitzki’s new china-green medium was he able to detect any constant 
cultural difference between these organisms. 

5. An important practical outcome of this identity is that it is not 
safe to lay down Ratin for the destruction of vermin in places where the 
rats which it is proposed to destroy have access to human food. 

6. Agglutination tests carried out with the serum of the patients in 
this case, and also with high potential sera, some made by the writer and 
some obtained from the Lister Institute through the courtesy of Dr. C. J. 
Martin, F.R.S., and Drs. McConkey and Bainbridge, have shown a close 
serological relation between the strain of Gaertner isolated in this case, 
and typhoid. The relation with paratyphoid bacillus and Ratin is less 
close. Whether it is really possible, by means of agglutination reactions 
to differentiate between the individual races or strains of the Gaertner group 
seems to me doubtful. 

7. Inasmuch as in the vast majority of cases infection with these bacilli 
takes place before the death of the animal, and manifests itself clinically 
by various septic and suppurative processes, it is absolutely essential, 
in the interest of the public health, that no carcase should be exposed for 
sale or sent in on contract to a public institution that has not been 
slaughtered in a public abattoir and subjected to skilled inspection and, 
in suspicious cases, to bacteriological examination, which can be quickly 
and satisfactorily carried out by malachite-green enrichment. Old scraps 
of meat left over for several days need thorough and prolonged cooking 
to free them from danger. 


WEDNESDAY, SEPTEMBER 1. 
The following Papers and Report were read :— 


1. Chloroform Anesthesia with known Percentage of Vapour 
Demonstration. By Dr. N. H. Aucocx. 


2. Discussion on the Nucleus. 


3. Fourth Report on the Effect of Climate upon Health and Disease. 
See Reports, p. 319. 
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Section K.—BOTANY. 


PRESIDENT OF THE SECTION: 
Lieut.-Colonel Davip Pray, C.I.E., LL.D., F.R.S. 


THURSDAY, AUGUST 26. 


The President delivered the following Address :— 

Sutor ne supra crepidam judicaret, probably an old saying when Pliny wrote, 
is still a safe guide. The limitations of life and of knowledge are different, 
and human effort is thereby so conditioned that progress depends on specialisa- 
tion in study. Specialisation lessens the temptation to forget this caution ; 
but the force of the proverb is not weakened. It also conveys a behest, and 
compliance with this behest helps to counteract the narrowed outlook which 
specialisation sometimes encourages. 

Those whose studies are confined to some limited field often welcome a 
sketch of the aims and methods of work with which they are not familiar. 
Such a sketch may be held to have served its purpose if the subject discussed, 
and its relationship to cognate studies, be rendered intelligible. 

No apology, therefore, is made for the subject now taken up, even if it be 
sometimes hinted that this subject—Systematic Botany—is inimical to origin- 
ality, the antithesis of scientific, and outside the limits of botany proper. 
These views depend on half-truths and arbitrary connotations. They do not 
affect the fact that the primary purpose of systematic study is to advance 
natural knowledge. The systematic worker, in furthering this object, does 
not halt to consider whether his work be applied rather than original, 
technical rather than scientific. 

As a matter of history, the scope of systematic study practically coincides 
with what botany once implied ; as a matter cf fact, it corresponds to what 
zoology implies now. ‘The accident that man, on his physical side, is like the 
beasts that perish has led to the recognition of animal physiology and anatomy 
as independent sciences. Owing to the absence of any such fortuitous circum- 
stance vegetable anatomy and physiology remain under the ancestral roof. 
These off-shoots of botany are as vigorous as their zoological counterparts. 
They may be entitled to think that systematic methods are old-fashioned, and 
it may be desirable that they should set up separate establishments or form 
alliances with the corresponding off-shoots of zoology. But nothing in all this 
justifies the eviction of systematic botany from the family home. 

The statement that systematic methods are old-fashioned may be accepted 
without conceding that these methods are out of date. Systematic work, while 
sharing in the general advance in knowledge, has been able, amid far-reaching 
changes, to maintain continuity of method in the pursuit of its double pur- 
pose. This has been a benefit to botany as a whole when crucial discoveries or 
illuminating theories have, in other fields, led to a reorientation of view 
requiring the use of fresh tablets for the record of new results. 
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Disintegration and readjustment due to altered outlook are familiar pro- 
cesses. Histology, parting company with organography to serve physiology, 
is now an independent study, one of whose branches occasionally declines to 
accept any doctrine unconfirmed by cytological methods. The study of 
problems relating to nutrition and reproduction has been considered the 
especial task of physiology. Now, the chemist at times claims the problems of 
nutrition as part of his field, and we look for advances in our knowledge of 
reproductive problems to the cytologist and the student of genetics. These 
instances are adduced from without because relative exemption from disinte- 
gration is a distinctive feature of systematic study. The two-sided task of 
the systematist is to provide a census of the known forms of plant life and to 
explain the relationships of these forms to each other. The work on one side 
is mainly descriptive, on the other mainly taxonomic, but the two are so 
interdependent, and their operations so intimately blended, that it is difficult 
to treat them apart. Reorientation in botanical study has led to seismic dis- 
turbances in the taxonomic field, but the materials supplied by descriptive 
work have remained unaffected, and therefore have been ready for use in the 
repair or reconstruction of shattered ‘ systems.’ 

The exemption from radical change in method, which marks systematic 
work, is due to those characteristics that expose it to the charges of discourag- 
ing originality and of calling only for technical skill. It also largely explains 
why systematic study, especially on the descriptive side, is not attractive to 
minds disposed towards experimental inquiry. The labour involved is as 
exacting, accurate record and balanced judgment are as necessary, in descrip- 
tive as in experimental research. ‘ A skill that is not to be acquired by random 
study at spare moments’ is as essential in descriptive as in other work, while 
the relief that variation in method affords is precluded. Increased experi- 
ence, here as elsewhere, leads to more satisfactory results, but without, in this 
case, mitigating the toil of securing them. The testing of theories, often an 
inspiring task in experimental research, in the descriptive field retards pro 
gress. But if in descriptive work imagination and the spirit of adventure are 
undesirable, these qualities are not inhibited by systematic study as a whole. 
Imagination is legitimate and useful in the taxonomic field, and in another 
line of activity—the acquisition of the material on which descriptive work is 
based—the spirit of adventure is essential to success. 

The untravelled descriptive worker is not without consolations. His work 
is as necessary to botany as that of the cartographer to geography, or the 
grammarian to literature. His results are means to the ends that others have 
in view. If these results often appeal to coming rather than to contemporary 
workers, the descriptive writer is at least largely spared the doubtful benefit 
of immediate appreciation. He can pursue his studies unaffected by any con- 
siderations save those of adding to the sum of human knowledge and of bring- 
ing a necessary task appreciably nearer completion. In descriptive study it is 
the work rather than the personality of the worker that tells. Yet the work is 
not without human interest, because systematic writings rarely fail to reflect 
the character of the writers. The intimate knowledge of descriptive treatises, 
which floristic or monographic study entails, usually leads to mental estimates 
of the actual authors. The evidence on which these estimates depend is un- 
wittingly given and unconsciously appreciated. But its value is not thereby 
diminished, and estimates so formed may prove useful checks on contemporary 
judgments. 

The descriptive worker as a rule makes his work ‘ the primary business of 
his life, which he studies and practises as if nothing else in the world 
mattered.’ But he does not hold aloof from those éngaged in other lines of 
botanical activity. His evidence is mainly obtained from organography and 
organogeny; but, just because his results are for the use of others, the 
descriptive botanist has to keep abreast of all that is done in every branch of 
his science. New weapons are constantly being forged, and not in morpho- 
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logical workshops only ; with these and their uses the descriptive worker must 
be familiar, for the need to employ them may arise at any moment. If he 
does not always abandon old friends for new, this is not because the syste- 
matist is unaware of their existence, or unprepared to apply new methods. 
The descriptive worker employs his tools as a craftsman ; like other craftsmen, 
he finds that tools do not always fulfil the hopes of their designers. In 
descriptive work, too, as elsewhere, a steam hammer is not required to break 
every nut; the staff and sling may be arms as effective as those of the hoplite. 
There are occasions when the descriptive writer does appear to hold aloof by 
declining to accept proffered evidence. But his motive is not arrogant; it is 
only altruistic. If he is to avoid the risk of causing those who depend on his 
results to reason in a cirgle, the descriptive writer must obtain these results, 
if not without extraneous aid, at least without help from those for whose 
immediate use they are provided. 

Taxonomic study is pursued in an environment which differs from that 
surrounding descriptive work. 'The descriptive student can hardly see the 
wood for its trees. The taxonomic student works in more open country, and 
can look on the wood as a whole. He has, too, the benefit of companionship. 
The paleobotanist meets him, with all the lore of mine and quarry, as one 
ready to exchange counsel ; other workers attend to give or gather information. 

The community of interest which unites the systematic worker, chiefly con- 
cerned with existing plant-types, and the paleobotanist, primarily interested 
in types now extinct, is strengthened by the bond which identity of purpose 
supplies. But the two are differently cireumstanced ; the systematic worker is 
ordinarily better acquainted with the characters than with the relationships 
of his types ; the paleeobotanist usually knows more of the relationships of his 
types than he does, or ever may do, of their characters, The material of the 
paleobotanist rarely lets him rely on ordinary descriptive methods in defining 
his plants; he has to deptnd largely on anatomical evidence, which supple- 
ments and confirms, but hardly replaces, the data of organography. On the 
taxonomic side the paleobotanist is restricted to phylogenetic methods; here 
again he is handicapped, though less than on the descriptive side, by the frag- 
mentary character of his specimens. The palsobotanist hardly does more 
than the phylogenist, hardly as much as the anatomist, towards advancing the 
object all have in common. 

The same community of interest unites in their labours the organographic 
systematist and the morphologist whose interests are phylogenetic. Here, 
however, though the task of the two be complementary, the mode of attack is 
so different as almost to mask their identity of purpose. The comparative 
morphologist studies the planes of cleavage indicated by salient differences in 
structure and development. Thesystem he evolves is composed of the entities, 
sometimes more or less subjective, that combinations of characters suggest. 
The method in intention, and largely in effect, passes from the general to the 
more particular, though the process is tempered by the fact that the characters 
used are derived from such types as exhibit them. The organographic syste- 
matist, after summing up the characters which mark individual types, aggre- 
gates these according to their kinds. Having estimated the features that 
characterise individual kinds, he aggregates these according to their families. 
Families are thereafter aggregated in higher groups, and these groups are 
subjected to further aggregation. The system thus evolved is composed of 
those entities, always in theory objective, that successive aggregations indi- 
cate, and the process is one of constantly widening generalisation. 

The comparative morphologist, though glad when his results can be prac- 
tically applied, follows truth for its own sake. His work is thus on a higher 
plane than that of the organographic systematist, whose aggregations dre 
primarily utilitarian. But the work of the latter is not less valuable because 
its scientific character is incidental. Were our knowledge of plant-types 
exhaustive, a generally accepted artificial arrangement of these would be as 
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useful to the applied botanist as a professedly natural one. But our know- 
ledge is incomplete, and the accession and intercalation of new types renders 
any artificial, and most attempts at a natural, system sooner or later unwork- 
able. The more closely an arrangement approximates to the natural system, 
the less can the intercalation of new forms affect its stability. The more 
stable a system is, the more easily will its details be remembered and the more 
useful will it prove in practical reference work. Here, therefore, for once, 
self-interest and love of truth go hand in hand. 

Since the organographic systematist learns their characters from his 
groups, while the comparative morphologist defines groups by the characters 
he selects, their results, were knowledge complete, should be identical, and this 
identity should prove their accuracy. But knowledge is finite, and these 
results are not always uniform. The want of uniformity is, however, often 
exaggerated because the reasons are not always appreciated. 

One cause is the difference in personal equation, which affects alike the 
worker who deals with things and him who considers attributes. It would be 
contrary to expectation were every phylogenist to assign the same value to each 

. character, or every systematist to apply the same limitation to each type or 
group of types. The divergence of view on the part of two observers may 
show a small initial angle; it may nevertheless lead them to positions far 
apart. But while divergence of view is the most obvious explanation of the 
want of uniformity apparent in systematic results, it is the least effective 
cause. This inherent tendency to differ manifests itself in contrary direc- 
tions ; in the long run individual variations are apt to cancel each other. 

The nature of the work counts for more than the predisposition of the 
worker. The aggregations on organographic lines, which were the main 
guides to the composition of the higher groups until phylogenetic study was 
seriously undertaken, do not assist the comparative morphologist. The 
characters on which phylogenetic conclusions may be based increase in value 
in proportion to the width of their incidence, so that the greater their value 
for phylogenetic purposes the less do they aid the descriptive worker in dis- 
criminating between one plant-type and another. Often they are characters 
which for practical reasons the descriptive worker must avoid. Organo- 
graphy, then, may not give evidence as to characters whereof cognisance 
cannot be taken, while for another reason the comparative morphologist may 
not use characters derived from descriptive sources. The object of the 
phylogenist is to take his share in advancing our knowledge of taxonomy ; 
to seek from the systematist the evidence on which his results are based 
would be to vitiate the reasoning of both. All that the phylogenist can ask 
the descriptive worker to do is to supply the units that require classification. 

The comparative morphologist, relying mainly on anatomical and embryo- 
logical evidence, at first had a hope that his method of study might enable 
him to supply his own units and thereby render further taxonomic work 
based on organography unnecessary. This hope remains unfulfilled, and the 
phylogenist, as a rule, limits his efforts to a narrower field. The organo- 
graphic systematist realises that in the present state of our knowledge the 
study of the incidence of selected characters gives more satisfactory results as 
regards the composition of the higher phyla than repeated aggregation can 
attain, while the comparative morphologist recognises that, as matters stand, 
the approximations of organography in respect of types and kinds are more 
satisfactory than any he can yet offer. Since, however, the progress in one 
case is outwards, in the other the reverse, a zone of contact is inevitable. 
This zone, in which the influence of both methods of study is felt, is occupied 
by those groups immediately higher in value than the natural families of 
plants, and it is here that discrepancies in the results attained chiefly manifest 
themselves. These discrepancies take the form of unavoidable differences of 
opinion as regards the composition of collections of natural families. If a 
family A possesses ten characters of ordinal import, whereof it shares eight 
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with a family B and only two with a family C, while the characters combined 
in A are, as regards B and C, mutually exclusive, the organographic syste- 
matist is ordinarily induced to group A and B together and to exclude © 
from that particular aggregation of families. If, on the other hand, the 
phylogenist finds that the two characters common to the families A and C are 
met with in other families, D, H, F, he will ordinarily be led to place A, C, 
D, E, F in the same higher group from which the family B, notwithstanding 
its greater general agreement with A than any of the others, must be excluded. 
This source of discrepancy is, however, less potent than might be expected. 
When the evidence advanced by eithersis very strong, the other worker readily 
accepts it; in doubtful cases mutual accommodation takes place, the one 
worker limiting his groups, the other applying his criteria with less rigidity. 

The healthy disregard for formal consistency which admits of adjustments 
to further practical ends does not, however, alter the fact that a system thus 
attained can only approximate to the natural arrangement at which both 
workers aim. Gaps in knowledge may be bridged with histological or terato- 
logical aid, or safely crossed with the help of some sudden intuition or happy 
speculation. But the existence of anomalous types and groups serves as a 
reminder that much has yet to be learned with regard to living types, while 
the widest gap in our knowledge of these is a fissure as compared with the 
chasms that confront the paleontologist. In this the taxonomist of either 
type finds the incentive to further effort. 

The automatic adjustment of differences due to idiosyncrasy, and the 
mutual accommodation of those arising from method of work, still leave 
considerable want of harmony in taxonomic results to be accounted for. 
What appear to be rival systems of classification compete for recognition. 
As each such system professes to be the nearest attainable approximation to 
the natural arrangement, the evidence of a state of dissension and confusion 
in the taxonomic field appears to those unfamiliar with systematic work to be 
incontrovertible. Dissension may be admitted; confusion there is none. 
Pictures of the same subject by different artists may be very unlike, yet 
equally true ; what appear to be rival systems are only manifestations of one. 

It is not difficult to form a conception of this system; it is less easy to 
share the conception with others. Let us imagine a closed space approxi- 
mately spherical in shape, its surface studded with symbols that mark the 
relative positions of existing plant-types. Let us imagine the lines of descent 
of all these types to have been definitely traced and effectively mapped. We 
find, starting from near the centre of our sphere, a radiating system of lines; 
we find these lines to be subject to repeated dichotomy and embranchment 
which may take place at any point ; we find the resultant lines departing from 
the original direction at any angle and in any plane; we find the nodus of any 
individual dichotomy or embranchment capable of serving as the focus of 
origin for a subsidiary system comparable in everything except age with the 
centre of our sphere, and conceivably exceeding in the multiplicity of its rami- 
fications the primary system itself. Some only of our lines reach the symbols 
that stud our spherical surface, though every symbol is the terminal of some 
such line. Here a terminal is fairly isolated, and the line it limits goes far 
towards the centre with little or no dichotomy or embranchment. Elsewhere 
our terminals are closely set, the lines they limit running inwards in company 
till some proximate nodus is reached. Moreover, within our sphere, in the 
abrupt terminals of various lines we can dimly trace the vestiges of other 
spheres, not always concentric with our present sphere, once studded with 
symbols marking the existence of types now extinct. Imagine further the 
centre of our hypothetical space as not necessarily a primary centre, but 
merely the nodus of some dichotomy or embranchment in a system of which 
ours is but a residuary fragment. 

As we are practically limited to superficial delineation, an intelligible 
picture of our system is more than the science of perspective and the art of 


PRESIDENTIAL ADDRESS. 657 


chiaroscuro can be asked to provide. What is unattainable on the flat is 
still more impossible in sequence. Serial presentation involves a point of 
departure ; convenience, predilection, hazard, may dictate what this shall be, 
and determine the sequence adopted. The result is not a variety of systems, 
but a series of variants of one system. Considering how complex the problem 
is, the number of variants is remarkably small. In any case the differences 
met with are inconsequent; they do not affect the facts, and the facts alone 
really count. The trained taxonomist knows that no serial disposition can 
indicate, even vaguely, the relative position and import of all these facts. 
Plane presentation, though more adequate than serial by a dimension, falls 
short of accuracy ; the surface on which the bulk of the facts may be displayed 
can have no lateral boundary. Even if its presentation on a globe be 
attempted, the diagram must be incomplete ; many of the points to be shown 
lie beneath the surface. Convention might overcome the difficulty involved 
in the indication of, extinct types, but the diagram would still fail by a 
dimension to demonstrate the descent of the forms superficially represented. 

Intercourse with the phylogenist, while directly influencing the relation- 
ship of the organographic systematist to taxonomy, has indirectly modified 
his attitude towards the diagnosis and limitation of plant-types. Taxonomic 
study based on evidence other than descriptive has stimulated histological 
research and fired the anatomist with an ambition to replace by his methods 
those of organography. It is certainly not for want of industry or care that 
the success of the phylogenist in the taxonomic field has not also attended the 
diagnostic work of the anatomist. This failure to replace organographic by 
anatomical methods is due to the fact that the qualities which make histo- 
logical evidence useful in generalisation lessen its value in discrimination. 
That anatomical characters may be of great use even in diagnosis has been 
less fully appreciated than it might by those habituated to organographic 
methods. On the other hand, anatomists who have not benefited by an 
apprenticeship in descriptive study at times overlook the fact that the value 
of histological evidence in diagnostic work is indirect. Codification of the 
scattered results of systematic anatomy has now shown the descriptive worker 
how useful histological methods are when skilfully and properly used, and 
has at the same time made it apparent to the anatomist that, in respect of 
grades lower than ordinal, his methods are more fitted for proof than for 
demonstration. Their alliance is now cordial and complete. 

While descriptive and anatomical study conjointly make for accurate 
discrimination, opinion and circumstance combine to prevent uniform 
delimitation of plant-forms or ‘ species,’ and no conceivable compromise can 
overcome this difficulty. With the term ‘species’ is bound up a double con- 
troversy—what idea the word conveys, and what entity the word connotes. 
Into the first we need not enter ; we must assume that our ideas are sufficiently 
uniform to render the term intelligible. The second we cannot take up here; 
we must accept the position as we find it, and note, in a spirit of detachment, 
how in actual practice the systematic botanist does delimit his ‘species.’ In 
doing this we have to discriminate between the effect which observed facts 
produce on different minds, and that which different mental states produce on 
the records of facts. The results obtained may be essentially identical though 
arrived at in different ways; as, however, the results are not always uniform, 
the existence and effect of these two factors must be carefully noted. 

It is rather unusual to find that workers whose powers of observation are 
equal take precisely the same view of every member of a group of nearly 
allied forms. One, from predisposition or accident, is influenced rather by 
the characters whereby the forms differ ; another is more impressed by those 
wherein they agree. In monographic work especially the same worker may 
find himself alternately more alive to the affinities and more struck by the 
discrepancies among related forms. At one time he feels that his difficulties 
may be best solved by recognising all these forms as distinct, at another he 
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inclines to the view that they may be but states of one protean species. Where 
the capacity for detecting differences is naturally strong, the disposition is 
towards segregation ; where there is a keen eye for affinities, the reverse. The 
facts in both cases are the same ; their influence on minds in which the faculty 
of observation, though equally developed, has a natural bias in a particular 
direction may thus be different. 

This inherent variation in mental quality, of which the observer may 
personally be unaware, and over which he may have incomplete control, is 
not, however, so potent a factor as a difference in mental attitude, usually 
the result of training or tradition. The existence of two distinct attitudes 
on the part of authors towards their ‘ species’ is common knowledge. In the 
absence of more suitable terms we may speak of them as the ‘ parental’ and 
the ‘judicial.’ To the parental worker his species are children, whose appeals, 
even when ad misericordiam, are sympathetically received. To the judicial 
worker his species are claimants, whose pretensions must be dispassionately 
weighed. The former treats the recognition of a species as a privilege, the 
exercise of which reflects honour. The latter views this task as a duty, the 
performance of which involves responsibility. With amply characterised 
forms the mental attitude is inconsequent, but when critical forms are 
reviewed it is all-important. Here the benefit of a doubt is the practical basis 
of final decision. This benefit in the case of the parentally disposed worker 
may lead to the recognition of a slenderly endowed species; in the case of 
the judicially inclined, to the incorporation of an admittedly critical form in 
some already described species, the conception of which may thereby be unduly 
modified. 

These attitudes do not in practice divide descriptive workers into two 
definite classes. Some writers display one attitude at one period, the other 
at another period of their career. Occasionally the two alternate more than 
once in a writer’s history. Cases are known in which one attitude is con- 
sistently adopted towards species of one natural family, the other towards 
species of a different family. 

When want of uniformity in delimitation is due to the varying effect of 
the same facts on different observers there is no room for either praise or 
blame. Capacity for appreciating affinities is complementary to that for 
discrimination. The fact that now one, now the other tendency is more highly 
developed makes for general progress. Workers in whom the two may be 
more evenly balanced can strike a mean between the discordant results of 
colleagues more highly endowed than they are in either direction. But those 
who possess a capacity for compromise do not mistake this for righteousness ; 
they are apt to wish themselves more gifted with the opposing qualities of 
those whose work they assess. 

When cases in which want of uniformity in delimitation due to difference 
in mental attitude on the part of independent workers are considered, we 
again find that praise and blame are inappropriate. If both attitudes have 
defects to be guarded against, both have merits that deserve cultivation. 
The defects are patent’ and rarely overlooked ; the careful systematist, more 
critical of his results than anyone else can be, is alive to the risks which 
attend stereotyped treatment, and on his guard against the excesses to 
which this may lead. It is more often forgotten that both attitudes have 
their uses, and that each should be exhibited at appropriate times. Here, 
however, no middle way is possible; the mean between the two attitudes has 
the qualities of a base alloy. It is the attitude of indifference, fatal to 
scientific progress, and productive of results that are useless in technical 
research. 

The ideal arrangement in monographic study is the collaboration of two 
workers, one highly endowed with the discriminating, the other with the 
aggregating faculty. But for the statement of their joint results both must 
adopt the judicial attitude. On the other hand, in floristic work, in isolated 
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systematic contributions, and in all descriptive work undertaken on behalf 
of economic research, the better because the more useful results are supplied 
by workers in whom capacity and attitude combine to induce the recognition 
rather than the reduction of easily characterised forms. 

In the present state of our knowledge uniformity in the delimitation of 
what are termed ‘ species ’ is unattainable. We are in no danger of forgetting 
this fact ; what we do sometimes overlook is that, circumstanced as we are, such 
uniformity is undesirable. The wish to be consistent is laudable ; when it 
becomes a craving it blunts the sense of proportion and may lead to verbal 

_agreement being mistaken for actual uniformity. The thoughtful syste- 
matist, when he considers this question without prepossession, finds that 
forms which in one collocation need only be accorded a subordinate position 
must, under other conditions, receive separate recognition. 

The normal effect on specific limitation of the causes that militate against 
uniformity is easily understood, and the resulting discrepancies can be 
allowed for in statistical statements. There are, however, cases where the 
capacity for appreciating differential characters or points of agreement is so 
highly developed as to obscure or even inhibit the complimentary capacity. 
The effects are then ultra-normal ; nicety of discrimination exceeds the ‘ fine 
cutting ’ allowable in floristic work ; aggregation exceeds the limits useful in 
monography. No common measure is applicable to the results, and the 
ordinary systematist, who has definite and practical objects in view, expresses 
his impatient disapproval in unmistakable terms. The work of those 
addicted to one habit he characterises as ‘hair-splitting’; that of those who 
adopt the other he speaks of as ‘lumping.’ The industry displayed in 
elaborating monographs which attribute a thousand species to genera wherein 
the normal systematist can hardly find a score must often be effort misplaced. 
The same remark applies to the excessive aggregation that substitutes for a 
series of quite intelligible forms an intricate hierarchy of sub-species, 
varieties, sub-varieties, and races. Orgies of reduction are moreover open to 
an objection from which debauches of differentiation are free. Discrimina- 
tion can only be effected as the result of study ; the finer the discrimination, 
the closer this study must be. Reduction offers fatal facilities for slovenly 
work, over which it throws the cloak of an erudition that may be specious. 
When dealing with excessive differentiation the normal systematist is on solid 
ground ; when following extreme reduction he may become entangled in a 
morass. Yet workers of both classes only exhibit the defects, for ordinary 
purposes, of striking merits, and there are occasions when the results that 
each obtains may be of value to science. 

Its mnemonic quality renders taxonomic work practically useful. Its 
application in economic research does the same for specific determination. 
Economic workers are chiefly interested in useful or harmful species ; to others 
they would be indifferent were these not liable to be mistaken for such as are 
of direct interest. The identification of economic species and their dis- 
crimination from neutral allies is not always simple, because species that are 
useful or noxious are often those least perfectly known. The qualities that 
render them important frequently first attract attention; these may be 
associated with particular organs or tissues, and samples of these parts alone 
may be available. Ordinarily, when material is incomplete, critical examina- 
tion has to be postponed. In economic work, however, this may not be 
possible, and the systematist, just as in dealing with archeological or fossil 
remains, may here have to make the most of samples and fragments in lieu 
of specimens. Cultural help and anatomical evidence sometimes lead to 
approximate conclusions; often, however, as with neutral species, definite 
determination must await the communication by the field botanist of adequate 
material. Even then a difficulty, comparable with that frequently met with 
in archeological and paleobotanical study, may be encountered. As archeo- 
logical or fossil material may, owing to the conditions to which it has been 
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subjected, look unlike corresponding fresh material of the same or similar 
plants, so may trade samples, owing to special treatment, bear little outward 
resemblance to the same organs and tissues when fresh. 

When material of economic plants is ample another difficulty may be 
encountered. Domesticated species often undergo perplexing variation. In 
studying this variation the systematist may have to seek linguistic and 
archeological help, and be led into ethnological and historical by-paths. In 
classifying the forms that such domesticated plants assume he gladly avails 
himself of aid from those whose capacity for detecting affinities is unusually 
developed. But even with extraneous assistance the systematist, in this field, 
sometimes fails to attain final results. He can, however, always pave the 
way for the student of genetics, whose work involves the study of the ‘species’ 
as such. As regards forms of economic importance which neither organo- 
graphy nor anatomy can characterise, but which the chemist or biologist can 
discriminate, physiological methods are required to explain the genesis or 
elision of qualities evoked or expunged under particular conditions. 

A highly developed capacity for aggregation, if properly controlled, is also 
useful in the study of plant distribution from a physiographical standpoint. 
The systematist shows his sympathy with phytogeographical needs in two 
very practical ways. He declines, out of consideration for the geographical 
botanist, to deal with inadequate material, and for the same reason he refuses, 
in monographic studies, to be influenced by geographical evidence. The mono- 
grapher is conscious that if he pronounces two nearly related forms distinct, 
merely because they inhabit two different areas, he is digging a pit into which 
the phytogeographer may fall when the latter has to decide for or against a 
relationship between the floras of these two tracts. But the fact that, with 
existing knowledge, uniform delimitation of species is impossible, seriously 
weakens the value of normal systematic results for phytogeographical pur- 
poses. The units termed ‘species’ that are most useful in floristic and 
economic study are often too finely cut to serve distributional ends. When 
all existing plant-types have been treated on monographic lines the results 
may with relative safety be used by the phytogeographer, since errors due to 
personal equation may be regarded as self-eliminating. As matters now 
stand, however, the geographical botanist obtains his evidence partly from 
monographs, partly from floras, and is apt to be misled. Yet even in 
floristic work the systematist sees that the ‘species’ which it is his duty to 
recognise often arrange themselves in groups of nearly allied forms, These 
groups, which need not be entitled to sectional rank, while very variable as 
regards the number of species they contain, are more uniform than species in 
respect of their mutual relationships. They are therefore more useful than 
species as units for phytogeographical purposes. In defining these groups 
the faculty for aggregation is essential, and those in whom this faculty is 
highly developed may here be profitably employed, even when their discrimi- 
nating powers show a certain amount of atrophy. 

The cases, by no means rare, of workers who, with a comparatively poor 
eye for species, display great talent in their treatment of genera, afford 
indirect but striking proof that the faculty for aggregation may be more 
highly developed than its complement, and that the dominance of this faculty 
may ensure useful results. But the a priori expectation that in dealing with 
families this dominance should be still more valuable is not borne out by 
experience, for in this case it is recognised that aggregation has probably 
been pushed too far. This error has not been attributable to the faculty for 
aggregation so much as to the evidence at its disposal ; the corrective has 
largely been supplied by the use of anatomical methods as supplementary to 
organographic data. 

The physiologist in studying processes is not always obliged to take account 
of the identity of the plants which are their theatres of action. He has at 
hand many readily accessible and stereotyped subjects whose identity is a 
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matter of common knowledge, and as his experience increases he learns that 
he may sometimes neglect the identity even of these. If he asks the systema- 
tist to determine some type on which his attention is especially focussed, the 
physiologist only does this in order that he may be in a position to repeat all 
the conditions of an experiment required to verify or modify a conclusion. 
A passive attitude towards systematic study has thus been created in the mind 
of the physiologist ; this passivity has been intensified by the fact that the 
direct help which the physiologist can render to systematic study is limited. 
Physiological criteria are indeed directly applied for diagnostic purposes in 
one narrow field, where organography and anatomy are synonymous and 
inadequate. But if it be true that the diagnostic characters on which the 
bacteriologist relies belong to some non-corpuscular concomitant of his 
organism, this attempt to apply physiological characters to systematic ends 
has failed. In many cases physiological characters do influence taxonomic 
study. Differences in the alternation of generations, specialised habits con- 
nected with nutrition, peculiarities as regards response to stimulation, varia- 
tion in the matter of protective endowments, admit of application in syste- 
matic work, and are constantly so applied in the characterisation of every 
taxonomic grade. But the evidence as to these characters reaches the 
systematist through secondary channels, so that the help which physiology 
renders is indirect, and the passivity of the physiologist remains unaffected. 

This passivity has at last been shaken by the development of the study of 
plant distribution from a physiological standpoint. The practical value of 
this study has been affected by the employment of a terminology needlessly 
cumbrous for a subject that lends itself readily to simple statement, and by 
the neglect to explain the status, or verify the identity, of the units included 
in its plant associations. A reaction against the use of cryptic terms has now 
set in, and the physiological passivity which has led workers in this field to 
ignore systematic canons when identifying the units discussed shows signs of 
disappearing. The cecologist, it is true, must classify his units in accordance 
with characters that differ essentially from those on which reliance can be 
placed by the systematist. But the characters made use of must be possessed 
by his units, and the cecologist now realises that, in effecting his purpose, he is 
as immediately dependent on descriptive results as the economic worker or the 
geographical botanist, and that, if his work is to endure, his determinations 
must be as precise as those of the monographer, his limitations as uniform as 
those of the phytogeographer. The needs of the ccologist are, however, 
peculiar, and his units must be standardised accordingly. &cological units 
are not the groups of species, uniform as to relationship, which the geo- 
graphical botanist requires; nor are they the pragmatical ‘species’ of 
floristic and economic work. They are the states, now fewer, now more 
numerous, that these floristic ‘species’ assume in response to various 
influences ; and cecological associations can only be appreciated and explained 
when all such states have been accurately defined and uniformly delimited. 
In accomplishing this task the faculty for detecting differences is the first 
essential, and the physiologist has here provided a field of study wherein 
workers, whose tendency to nicety of discrimination unfits them for normal 
systematic study, may find ample scope for their peculiar talent, and accom- 
plish work of real and lasting value. 

We find, then, that the taxonomy of the wider and more general groups is 
now mainly based on phylogenetic study, and is largely scientific in character 
and application. The taxonomy of the narrower and more particular groups, 
based on organographic data supplemented by anatomical evidence, is often 
somewhat empirical in character, and is largely applied for technical pur- 
poses. Among the grades chiefly so applied, the ‘species’ is a matter of 
convenience, variously limited in response to special requirements, while the 
‘family’ isa matter of judgment, crystallising slowly into definite form as 
evidence accumulates. But the ‘genus’ is relatively stable, and, in con- 
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sequence of its stability, has long been ‘a thing of dignity.’ The distinctive 
air thus imparted to botany is best appreciated when a zoological index is 
examined. 

The use of scientific names, more precise than popular terms and more 
convenient than descriptive phrases, facilitates the work of reference in 
applied study. These names are accidents which do not affect the taxonomic 
status of the units to which they are applied, but do, however, reflect the 
want of uniformity in the limitation of these units. The non-systematist 
who has to apply systematic results appreciates that, as knowledge now 
stands, this is unavoidable, and makes allowance for the state of affairs. But 
applied workers complain that, in addition to this, descriptive writers show a 
tendency to care more for names than for the forms they connote, and wan- 
tonly alter the designations of familiar forms. The complaint is just, yet 
the action is not wanton. The tendency in its present form is of recent 
origin, and, paradoxical as the statement may seem, is the outcome of a wish 
for uniformity and stability in nomenclature. Of these two qualities the 
latter is of more importance in applied work, and therefore the more essential. 
Unfortunately the systematist has given a preponderating attention to the 
former, and, in his effort to attain a somewhat purposeless consistency, has 
allowed his science to wait upon the arts of bibliography. He has placed 
his neck under a galling and fantastic yoke, for nomenclature, though a good 
and faithful servant, is an exacting and singularly inept master. 

To err is human, and the standard of diagnostic work, high as it is, falls 
short of the standard which the systematic worker desires to attain. It is 
this fact that explains the remarkable openness of mind, and the great readi- 
ness to accept correction, to which systematic study conduces. ‘To this also is 
attributable the singular freedom of systematic research from the practice of 
making capital of the fancied shortcomings of fellow-workers. Exhibitions 
of this commercial spirit are not altogether unknown, and in one narrow field, 
where systematic results are practically applied, they are sufficiently common 
to appear characteristic. But they are contrary to the traditional spirit of 
systematic study, which is uncongenial to the arts of réclame. 

The subject is by no means exhausted. ‘Time, however, forbids more ; 
but the purpose of this sketch will have been fulfilled if it has helped those 
whose work lies elsewhere to appreciate more clearly what systematic study 
tries to accomplish, and to realise the place it fills in the household of our 
common mistress, the Scientia amabilis. 


The following Papers were read :— 


1. The Evolution of the Inflorescence. By J. Parkin, M.A. 


Apparently little effort has hitherto been put forward to advance the 
study of the inflorescence beyond the limits of descriptive morphology. In 
this paper an attempt was made to deal with the inflorescence from the evolu- 
tionary standpoint. 

The author, from a comparative study of the subject, has been led to 
believe that flowers were originally borne on the plant singly, each terminal 
to a leafy shoot. Several genera and species, chiefly in those families 
which for other reasons may be considered primitive, retain for the most 
part this early and simple arrangement, e.g., Magnolia, Liriodendron, 
Calycanthus, Peonia, Trollius, Adonis, Papaver, Romneya, Kerria, spp. 
of Pyrus, Rubus and Rosa. 

From such a shoot bearing foliage leaves below and ending in a single 
terminal flower, all inflorescences, as well as the solitary axillary flower, 
are to be derived. 

The first step is the formation of the simple cyme, usually a dichasiwm.— 
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This is brought about by buds in the axils of some (generally two) of the 
upper foliage leaves developing and producing lateral shoots, each termi- 
nating in a flower, which blooms shortly after that of the main axis. 
The leaves subtending these lateral (secondary) flowering shoots undergo 
reduction, eventually becoming bracts, and those (two in number, as a rule) 
borne on the secondary axes themselves are also usually reduced structures, 
being the precursors of the pair of bracteoles so general to the flower stalk 
(pedicel) of Dicotyledons. Examples showing this initial stage in the evolu- 
tion of the inflorescence are afforded by Calycanthus; Paonia albiflora; 
Trollius; Rosa, ete. 

An advance from the simple dichasium may come about by the pro- 
duction of fertiary floral shoots from the axils of the leaves (bracteoles) of 
the secondary ones, and this branching may be continued so as to form 
higher orders of axes. In this way arise the lax forking inflorescences 
(compound or continuous dichasia they may be called), characteristic of 
species of Ranunculus and Potentilla, and especially of the family Cary- 
ophyllacee. Often the branching progresses at a quicker rate on one side 
than on the other; if this be accentuated till the branching becomes one- 
sided from the commencement, a continuous monochasium results; and 
further by the flowers assuming a lateral instead of a vertical position, a 
sympodium comes to be formed. Thus originate the complex sympodial 
cymose inflorescences of the Boraginacesze and other families. 

The pleiochasium or panicle as the first stage in the evolution of racemose 
inflorescences.—If the buds in the axils of several leaves on the main axis, 
instead of only two or three, produce lateral shoots each ending in a flower, 
a type of inflorescence known as the pleiochasiwm will arise. These 
secondary axes are generally branched to some extent dichasially. Many 
of these inflorescences have been grouped under the name panicle, tho 
stumbling-block of the descriptive morphologist. The earliest form of this 
inflorescence is one in which the terminal flower of the main axis expands 
first ; the lateral flowers then open somewhat acropetally. Examples :—- 
Helleborus fetidus; Dicentra formosa; Rubus fruticosus; Campanula spp. 

Further steps towards the evolution of true racemose inflorescences 
take place as follows :— 

(1) An increase in the number of laterals, with the result that the 
terminal flower no longer blooms first. 

(2) Suppression of tertiary branching with the production of a raceme 
with a terminal flower. 

(3) Finally the terminal flower, often together with the upper part of 
the inflorescence, is arrested in its growth, and in the end aborts with the 
formation of a true raceme. 

The evolution of racemose inflorescences according to the above plan has 
occurred independently in several lines of descent ; as examples Delphinium, 
Campanula, and the Fumarioidee may be mentioned. 

Thus, in the author’s opinion, racemose inflorescences have always 
proceeded from cymose ones, and are therefore, on the whole, a later type. 
Hence the Composite, usually regarded as the highest group of flowering 
plants, may be said to have the most evolved kind of inflorescence, the head 
or capitulum. These heads in various members of the family are clustered 
together so as to form compound inflorescences, which arise phylogenetically 
in a manner corresponding to what has been shown for simple inflorescences 
—first cymose aggregates appear, then racemose ones, culminating in the 
compound head, possessed by the genus Echinops. 

Solitary Axillary Flowers.—Two kinds at least of these are dis- 
tinguishable. 

(a) The type commonly, but not exclusively, exhibited by climbing 
and trailing plants, in which single flowers are produced in ascending 
order from the axils of the foliage leaves. Such an arran~>ment can be 
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derived from a pleiochasium, in which the leaves on the main axis have 
remained largely foliaceous (unreduced). As the climbing habit evolves the 
flowers will tend to be developed acropetally rather than basipetally, and 
ultimately the terminal flower will never be produced, for the main axis 
will continue growing the whole season, throwing off lateral flowers succes- 
sively from each leaf-axil. These axillary flowers are probably, as a rule, 
reductions from lateral dichasia. Such an evolution for certain solitary 
axillary flowers has been suggested by a study of species of Clematis and 
Convolvulus. 

(B) A second variety of solitary axillary flower occurs in certain arbor- 
escent plants. It can be derived directly from the leafy shoot with a solitary 
terminal flower through the reduction and ultimate eliminatjon of the 
foliage, together with the shortening of the axis. There is a tendency in 
many trees and shrubs to transfer the flowers from the terminal and upper 
shoots to the lower lateral ones (Calycanthus, Rosa). By reducing such 
a subordinate shoot to merely the apical flower, a solitary axillary flower 
will result, provided the tree or shrub be evergreen (Michelia, Illiciwm) ; 
if, however, it be deciduous, then the flower will appear singly above the 
leaf-scar on the previous season’s growth (Asimina, Chimonanthus). 

Intercalary Inflorescences.—Attention was finally drawn to a kind of 
inflorescence which has so far received little consideration. It is charac- 
terised by the fact that the main axis, after emitting a number of flowers 
laterally, continues its apical growth vegetatively. The reproductive part 
of the axis is, therefore, as it were inserted between two vegetative portions. 
The author proposes the term intercalary for such a type of inflorescence. It 
seems capable of derivation from lateral shoots bearing terminal flowers by 
grouping these together and by reducing all the leaves to bracts. Examples 
of intercalary inflorescences are furnished by Drimys; Choisya, Boronia; 
Calluna, Kalmia; and especially by some of the Australian Myrtacee, 
such as Callistemon, Metrosideros. If the vegetative continuation of such 
an inflorescence be arrested, a false terminal one will be formed, as happens 
sometimes in Drimys. Consequently the author suggests that some 
apparently terminal inflorescences may in reality belong to the intercalary 
class (probably some Ericacee). 


2. The Prothallium and Embryo of Danea. 
By Professor Douaitas H. CampBeuu. 


In July 1908 a fine series of prothallia and young plants of Danea 
was secured in Jamaica. The greater number of specimens belonged to 
D. Jenmani, Underw., but there was a good series of D. elliptica, Sm. 
and a smaller number of specimens of D. jamaicensis, Underw. The latter 
were collected at Morce’s Gap; the others in the vicinity of Vinegar 
Hill, both stations being a few miles distant from the Cinchona Botanical 
Garden. 

The prothallia differed from those of D. simplicifolia, Rudge, described 
by Brebner, in their much larger size and elongated form. Most of the 
larger ones, which reached a length of 25 mm., were several times 
longer than wide, and often the posterior end was much attenuated and 
quite thin, the archegonial cushion not extending into it. Forked prothallia 
were also found, and one specimen of D. Jenmani had four archegonial 
cushions. 

The margin of the prothallium is often deeply lobed like that of 
Osmunda or Gleichenia. The rhizoids as described by Brebner for 
D. simplicifolia are multicellular. 

The archegonia and antheridia resemble in form those of the other 
Marattiacess, but the former are remarkable for the imperfect development 
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of the ventral canal cell, which in many cases could not be demonstrated 
at all. 

The embryo becomes elongated in the direction of the archegonium axis 
before division; and at this time resembles that of Botrychium obliquum. 
The first division wall is transverse as in other Marattiaces, but the 
hypobasal cell either does not divide at all or divides only once and forms 
a short suspensor, all of the organs of the embryo arising from the inner 
or epibasal cell, The latter undergoes a somewhat irregular quadrant 
division, the two lower quadrants forming the foot, the upper ones giving 
rise to the stem apex, the leaf, and later the root. . 

A single large apical cell can usually be demonstrated in the stem 
apex at a very early period. No single initial is present in the young 
leaf, which does not appear to be always formed at the same point. 

No trace of the root can be made out until the embryo has reached a 
considerable size. The root is strictly endogenous in origin, and its single 
initial cell arises nearly in the centre of the embryo, probably from the 
stem quadrant. With the elongation of the root downward, it carries with 
it the foot which covers the growing point of the root like a root-cap. 

No cauline bundle is developed in the young sporophyte, the vascular 
cylinder being made up of the coalescent leaf-traces. 


3. On the Ancestry of the Osmundacee. By R. Kipston, LL.D., 
F.R.S., and Professor D. T. Gwynnn-Vauauan, M.A. 


Lalesskya gracilis and diplorylon and Thamnopteris schlechtendahlii, 
from the Permian of Russia, are regarded by the authors as primitive 
Osmundacez. Their conclusions are based upon the structure of the stems 
and leaf-bases which alone are at present known. 

The vascular system of the stem is a protostele with a solid mass of xylem. 
The xylem is not homogeneous, however, but consists of a stout peripheral 
zone of normal scalariform trachee, surrounding a central mass of short 
swollen tracheal elements, with porose pitting and probably with more or less 
thin walls. The petiolar meristeles are C-shaped with the concavity facing 
towards the axis, and they show a very close resemblance to those of the living 
Osmundacee, even in detail. 

It is held that the pith of the modern Osmundacee is a true pith, and that 
it arose by the transformation of the above-mentioned central xylem into thin- 
walled parenchyma. Later the peripheral xylem ring lost its continuity and 
became broken up into the separate strands characteristic of the steles of the 
existing forms. 

The Osmundacez and the Zygopteridee are held to be derived from a 
common ancestor. The vascular system of their stems exhibits a parallel series 
of developments in the two orders. The typical Zygopterid stele of the 
Upper Carboniferous has reached a point in advance of that possessed by 
Thamnopteris in so far that most of the central trachese have been replaced by 
parenchyma, although some still retain their tracheal characters, but those of 
the Lower Carboniferous may be expected to exhibit a stele essentially identical 
with that of Lalesskya and Thamnopteris. 


4. Preliminary Note on the Structure of a new Zygopteris, from 
Pettycur, Fife. By W.T. Gorvon, M.A., B.Sc. 


Dr. Kidston and Prof. Gwynne-Vaughan have demonstrated a develop- 
ment, among the fossil Osmundace, from a protostelic form to forms 
which have a well-marked, parenchymatous pith. The Zygopterid stems 
so far described have either a mixed or a true pith, but no protostelic form 
has yet been recorded. This new Zygopteris, to which I have given, pro- 
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visionally, the name Zygopteris Pettycurensis, exhibits a distinct protostele, 
and thus occupies the same position in the Zygopterid alliance that 
Thamnopteris Schlechtendalii does in the Osmundaceous. 

The stem of this new species is circular in transverse section. The wood 
of the stele consists of an inner zone of short, square-ended, reticulately 
thickened tracheides, and an outer zone of long, pointed, reticulate 
tracheides, while the protoxylem groups have scalariform thickenings on 
their walls. 

Petioles are given off at long intervals. The petiole trace is elliptical 
in shape, with a deeply sunk protoxylem group at each end. Islands of 
parenchyma develop round each of these groups and increase until the trace 
is broken through at both ends. The trace thus assumes the typical 
H-shape of the Zygopterid bundle. 

The roots come off irregularly and also have two sunken protoxylem 
groups. The stem branches frequently and in this resembles Z. corrugata 
(Will). 

Starting with Z. Pettycwrensis a series can be established among the 
Zygopteridese, which is exactly parallel to that lately shown among the 
fossil Osmundacew. The development in the former group, however, was 
completed before that in the latter group began, for the Zygopterid series 
began in the Calciferous Sandstone series, as far as we know, and ended in 
the Permo-Carboniferous, while the Osmundaceous series began in the 
Upper Permian and continued on to Tertiary times. 


5. The Number of Bacteria in the Air of Winnipeg. 
By Professor A. H. Reainatp BunuEr, Ph.D., and Cuas. W. Lown. 


The authors determined the number of bacteria, mould spores, and 
yeast cells present in the air upon the campus of the University of 
Manitoba. The observations were made each week throughout a whole 
year. Both the volumetric and the plate methods were employed. The 
volumetric method was practically fhe same as that used by Professor 
Percy Frankland in London in 1886. Curves were plotted showing the 
number of micro-organisms present in 10 litres of air, and also the number 
falling upon a square foot of horizontal surface each minute. 

The investigation showed that the maximum number of micro- 
organisms—namely, 263 in 10 litres of air—occurred on September 28. 
During the six months November to April inclusive the average number 
in 10 litres of air was 0°9. It was therefore found that during the winter 
half of the year the air of Winnipeg is remarkably free from micro- 
organisms. During two successive weeks in January only two colonies were 
developed from 100 litres of air in each experiment. The average number 
of micro-organisms during the summer half of the year, May to October 
inclusive, was 10°33 in 10 litres. ‘The authors discussed the effects of 
temperature, rain and snow, wind, and other conditions upon the experi- 
mental results. 

The number of micro-organisms falling upon a square foot of surface 
during a minute was found to vary from three in winter to 8,500 on a very 
windy day in summer. 


6. Some Problems connected with the Life History of Trichodiscus 
elegans, Welsford, n.gen. n.s. By Miss EK. J. WELSFoRD. 


The vegetative filaments of Trichodiscus elegans are multicellular and 
cohere to form a flat pseudo-parenchymatous disc; the free ends of the 
filaments protrude laterally and bear scattered multicellular hairs ; the older 
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portions of the disc give rise to upright branches. Tach cell contains a 
single parietal chloroplast, a nucleus and a pyrenoid. 

Reproduction is by means of megazoospores, microzoospores and 
isogametes. 

The plant is referred to the Chaetopeltidee section of the 
Chaetophoracee. 

A number of individuals were observed growing under similar con- 
ditions ; some of their cells liberated gametes which fused in pairs; the 
contents of other apparently homologous structures germinated within the 
wall of the mother cell to form filaments. 

In accordance with the work of Klebs the appearance of the various 
phases which occur in the life histories of many Algz has been accounted 
for by definite changes in the environment. 

In Trichodiscus elegans such an explanation seems insufficient since 
different forms of reproduction take place under identical conditions. 


7. The New Industry of Rubber Cultivation. By J. Parkin, M.A. 


FRIDAY, AUGUST 27. 
The following Papers were read :— 


1. The Chemistry of Chlorophyll. By Professor R. WiLustTarrer. 


The older chemical investigations of chlorophyll have dealt with 
decomposition products too far removed from the natural dyestuff for them 
to be of real assistance in determining the constitution of chlorophyll. Of 
permanent value, however, is a fact established by Hoppe-Seyler, and also 
by Schunck and Marchlewski—namely, that phylloporphyrin, a degra- 
dation product of chlorophyll, is closely related to derivatives of hemin. 

Deductions have been drawn from this fact as to the similarity of 
and close relationship between the pigments of blood and green leaves, 
but such are unwarranted. Far more important than the similarity of 
the degradation products is the difference between chlorophyll and 
heemin with regard to the metal bound up in a complex manner in their 
molecules. It is the nature of this metal which conditions the catalytic 
function of the pigment. The function of hemoglobin as a carrier of 
oxygen is to be attributed to its iron content; on the other hand, it is 
the magnesium in chlorophyll to which an important part in the assimila- 
tion of carbon dioxide must be ascribed. 

The author has established that the chlorophyll of all classes of plants 
from the Algse to the Dicotyledons contains magnesium and no other metal. 
This has been overlooked previously, possibly because the complex is very 
sensitive towards acids, which completely eliminate the metal. The 
metallic complex is far more stable towards alkalis. On heating with 
potassium hydroxide at 240° magnificent crystalline compounds are 
obtained which when ignited leave a residue of magnesium oxide amount- 
ing to 6 to 7$ per cent.: they are chemically carboxylic acids. The 
preparation of these well-defined crystalline compounds in a pure state 
from leaf extracts of various plants has served as a proof for the existence 
of magnesium in chlorophyll and for the nature of its incorporation in the 
molecule. 

The continued action of alkali yields first green chlorophyllins, which 
are tricarboxylic acids; then blue glaucophyllin and red rhodophyllin, 
which are dicarboxylic acids, and finally red pyrrophyllin and phyllo- 
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phyllin, both monocarboxylic acids. The reaction consists initially of 
hydrolysis and subsequently in the main of elimination of carbon dioxide. 
So long as chlorophyll itself was not known in the pure state my method 
of working consisted in treatment of crude chlorophyll solutions with 
alkali to determine what acids take away from chlorophyll, and the 
investigation of the products of the action of acids to ascertain what part 
of the molecule of the pigment is destroyed by alkalis. 

Gentle warming with acids led to the discovery of those constituents 
of chlorophyll—about 30 per cent. in all—which are lost during alkaline 
hydrolysis. Chlorophyll contains an aliphatic alcohol of high molecular 
weight, viz., phytol, C..H,,O. This is unsaturated, and therefore autoxidis- 
able. Its presence causes chlorophyll to be a wax. Phytol appears 
to be present in practically constant quantity in the chlorophyll from plants 
of all orders, yet it is not an essential component of chlorophyll. 

In the course of the comparative analysis of the chlorophyll of different 
plants, for which about 100 species have provisionally served, a few excep- 
tions to the normal composition have been observed. All these exceptions 
occur in species of Labiate and Solunaceew. In these exceptions chloro- 
phyll contains no phytol, and accordingly it can be made to crystallise. 
It has the composition C,,H,,0,N, Mg, gives six per cent. magnesium oxide 
on ignition, and contains no phosphorus or iron. This crystalline chloro- 
phyll is an ester containing two molecules of alcohol; amorphous 
chlorophyll contains one molecule of phytol and one of alcohol. 

The pure chlorophyll obtained crystalline from Galeopsis, Lamium, 
Stachys, &c., appears to be the same as crystals observed under the micro- 
scope by Borodie in St. Petersburg in 1881. In opposition to Borodie, 
however, the author considers that the crystalline variety of chlorophyll 
is relatively rare. Many Labiates and Solanacee contain the crystalline, 
others the amorphous, phytol-yielding variety of chlorophyll. Crystalline 
chlorophyll is adapted to the quantitative estimation of chlorophyll by 
colorimetric methods in leaves and plant extracts: it varies between a half and 
one per cent. of the dried leaf. The foregoing cbservations were in many 
tases made on material from dried leaves. It is probable that during 
drying, &c., the chlorophyll has already undergone change. Such considera- 
tions, without affecting what has been already discovered, promise further 
discoveries when fresh plants are investigated. 


2. The Fundamental Causes of Succession among Plant Associations. 
By Professor Hanry C. Cow ss. 


In the early days of ecological geography little was attempted except 
the description of the various sorts of plant associations, much as the 
early taxonomists and morphologists were content to cease their labours 
when they had described the materials under investigation. At present 
no taxonomic or morphologic treatise is complete unless the facts presented 
are related in some way to evolution; the investigation of kinship has 
replaced the mere collation of unrelated facts. 

During the past decade some ecologists have endeavoured to work out 
the genetic relationships existing among plant associations, and to many 
of us it has seemed that the first step is the study of the life histories of 
these associations in each region. In this respect we have been but following 
in the well-beaten track that has been made by morphologists and 
taxonomists along the trail blazed by Darwin in 1859. Just as evolution 
has knit together into a genetic whole the previously isolated phenomena 
of plant structure, so the evolutionary study of plant associations has 
shown that what have been regarded as separate entities are often merely 
‘tages in development. It has been shown that plant associations are 
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rarely stable, and that in general ‘ edaphic formations’ (as Schimper termed 
them) tend to develop into the ‘climatic formation’ of the particular 
region studied. For example, east of Manitoba all other associations 
tend to develop into a mesophytic conifer forest, whereas to the westward 
all other associations tend to develop into prairie. The author feels, in 
view of the increasing objection to the use of the terms ‘edaphic’ and 
‘climatic,’ that it may be well to use such terms as ‘ proximate’ and 
‘ultimate.’ Besides, these terms explicitly imply evolution, which is 
not the case with the others. Stages between proximate and ultimate may 
be denominated approximate, mediate, and penultimate. 

Having satisfied ourselves of the reality of succession, the next step 
is the investigation of the underlying causes. It is probable that succes- 
sion does not take place where there is no essential change in external 
conditions. Such stability of conditions, however, is extremely rare except 
in those situations where the ultimate formation has come to full develop- 
ment, or where the proximate and ultimate formations are the same, as 
in deserts. The simplest as well as the most important changes that 
bring about succession are those which occur where the topography is stable 
and are associated more or less directly with the plants themselves. 

Wherever plants grow in any abundance there is an accumulation of 
humus, relatively great in amount in cold, moist climates and small in 
amount .in hot, dry climates. Humus accumulation of necessity induces 
profound changes in the soil. Foremost among these are changes in water 
content. On uplands, especially those composed of rock or sand, humus 
accumulation means an increase of soil moisture, and thus makes possible 
the development of a vegetation less and less xerophytic, while in depressions 
such accumulation means decreasing soil moisture and the consequent 
elimination of hydrophytes. Humus is a further factor in succession in 
that it furnishes a fit habitat for saprophytes, which make symbiosis 
possible; it is likely that the late appearance of the beech in the succes- 
sion series is due in some part to its mycotrophic relations. Recently 
another possibility has been suggested which may be considered in connec- 
tion with humus. It appears likely, from experiments on wheat, that 
root excretions are detrimental to further root activity, especially among 
plants of the same species. If this is generally true, it is clear that succes- 
sion is facilitated or even necessitated. Again the increase of humus alters 
the food conditions in the soil, more and more favouring such plants as 
require the presence of special organic ingredients. An increase of humus 
also involves changes in the air content and temperature of the soil that 
may be of some moment, especially in bogs or moors, plants of mesophytic 
structure being able to replace the so-called bog-xerophytes. 

Searcely second to humus is the influence of increasing or decreasing 
shade. Proximate upland associations are exposed to maximum illumina- 
tion, while each succeeding stage is characterised by an increase of shade, 
which favours those plants requiring shade for germination and opposes 
those requiring light. The ultimate formation of any upland will be 
composed of those plants that can germinate in the densest shade that 
may there exist. An increase of shade is also accompanied by increasing 
humidity and soil moisture, thus working in harmony with the humus 
factors. 

Plant invasions influence succession inasmuch as new elements are 
introduced. Similarly the influence of man on succession is very con- 
siderable, partly by reason of the plants which are enabled to invade 
new regions through his agency, but more by reason of his destructive 
activities. In nearly every instance man retards the accumulation of 
humus and increase of shade, thus tending to keep upland associations 
more xerophytic than would otherwise be the case. 

Topographic changes are of profound importance in succession. Winds, 
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shore currents, and running water are ever destroying here and constructing 
there. Wind and water erosion cause retrogression from the ultimate 
toward more proximate stages. However, after retrogression has reached a 
certain point, continued erosion results in no further change, thus furnish- 
ing an interesting instance of change unaccompanied by succession. If 
erosion ceases, the ordinary successions of stable topography follow. Where 
winds and waters deposit, there may or may not be succession; for 
example, the slow deposition of a river commonly favours a rapid advance 
toward ‘the ultimate formation of the region, while deposition in a dune 
region may be sufficiently rapid to result in a continuation of the same 
plant conditions; if deposition slows down or ceases, the ordinary succes- 
sions of stable topography follow. 

Changes in the general climate of a region must influence succession, 
but such changes are much slower than are those previously mentioned. 
It is mainly from the geological record that we know of phenomena of 
this kind. As past climates have become colder or warmer, or drier or 
moister, respective successions toward more boreal or austral, or more 
xerophytic or mesophytic formations have taken place. 

It seems clear, then, that only when we are dealing with the ultimate 
formation of a region (the climatic formation of Schimper) is succession 
unlikely to be found. It also seems clear that succession has many causes, 
and more than those mentioned are to be expected. Furthermore, in any 
given succession it is to be expected that two or more causes co-operate, 
and it is probable that further study will increase the complexity rather 
than diminish it. Yet another bit is added to this complexity through 
the fact, just beginning to be realised, that change in external conditions 
may in many cases result in imperfect succession or no succession at all. 
A shallow pond that is dominated by an association composed of 
Proserpinaca, Radicula, Polygonum, and Sium may gradually become a 
marsh, quite a new condition, and yet be dominated by the same species 
as before; the plants change their aspect, but remain. Similarly, a spruce 
bog may gradually develop into a spruce forest, the trees changing in form 
but not in kind. Even here, however, some species change, and these may 
be taken as indices of an essential succession, even though the more con- 
spicuous species stay on. Obviously, the determination of the causes of 
succession and their exact study have but just begun. No more promising 
lead for the future seems offered, and none to which more may be contributed 
by exact observation and experiment. 


3. The Rocky Mountain Flora as Related 10 Climate. 
By Professor Francis RAMALEY. 


In general an increase of altitude in any one district lowers temperature 
about three degrees Fahrenheit for each 1,000 feet. The so-called effects of 
‘altitude’ upon plant life are, for the most part, merely the results of 
diminished heat. 

The flora of the Rocky Mountains is much the same from Canada to 
Colorado, but any particular species must be looked for at higher and 
higher altitudes as the observer travels to the south. Thus the common 
‘loco weed’ (Aragallus lamberti) flourishes at 4,000 to 5,000 feet on the 
prairies of Alberta and in the foothills near Banff, but does not reach to 
high altitudes. In Colorado it grows at these lower levels, and is also 
abundant in the mountain parks at 8,000 or even 9,000 feet. 

The mean temperatures for the summer months at Banff (altitude, 
4,542 feet) are 46, 52, and 51 degrees Fahrenheit. These are nearly the 
same as those at stations in Colorado at 9,500 to 10,000 feet. The difference 
in latitude is about 12 degrees. Roughly speaking, in this case one degree 
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of latitude corresponds to 450 feet in altitude. The author would not neglect 
the importance of topographic features in determining a flora, but would 
emphasise the point that, taken in the large, it is temperature rather than 
topography, soil, or rainfall which permits or restricts the extension of 
plants over great areas. The climate of any part of the Rocky Mountains 
can be easily judged from an examination of the flora. 


4. The Porous Cup Atmometer as an Instrument for Ecological Research. 
By Professor Burton Epwarp Livinaston. 


Introduction.—Evaporation approaches being a summation of the 
various climatological factors which influence plant behaviour. It is deter- 
mined primarily by temperature, humidity, and wind velocity, and is 
usually deeply affected by variations in rainfall and sunshine. A pro- 
perly constructed atmometer will thus automatically sum the various 
meteorological elements as they influence the plant, and may be said 
approximately to integrate the march of plant environment above the soil 
surface. 

From the curve of evaporation for the growing season in any region, 
together with the rainfall and certain physical data in regard to the soil, 
the general nature of the vegetation, in an ecological sense, may be quite 
closely deduced. 

In the progress which we are now witnessing toward an answer to the 
question,—Under what environmental conditions will the different vege- 
tational formations and societies be produced ? the measurement of evapora- 
tion bids fair to take so important a position that I have thought it might 
not be untimely to call attention to some of the advantages and difficulties 
to be met with in the operation of the porous-clay form of atmometer. 

Advantages of this Atmometer.—The instrument (first brought to the 
attention of plant physiologists in Publication No. 50 of the Carnegie 
Institution) consists essentially of a hollow cup or cylinder of porous clay, 
so mounted that evaporation of water from its external surface draws more 
water from the filled interior, which, in turn, is kept filled from a reservoir 
at a lower level through the principle of the water barometer. The reservoir 
may be a burette or any suitable vessel, and the amount of water evaporated 
may be determined from time to time. A recording device has been con- 
structed, which registers on a paper strip the time required to evaporate 
a unit of water volume, this unit being any convenient one, from 0°2 to 
03 c.c. to several cubic centimetres. 

The main advantages of this form of instrument over the open dish of 
water are as follows :— 

1. The surface of the cup is better exposed to wind action. 

2. The evaporating surface is not continually varied by the wind, but 
remains constant. 

3. The relatively large evaporating surface and the relatively small 
volume of the water contained make the lag due to temperature changes 
much smaller than it is in the case of the ordinary evaporator pan. 

4. This instrument cannot lose water in any way excepting through 
_ evaporation ; animals do not drink from it, and wind does not spill water 
over the edge. 

5. The porous cup does not trap insects, and thus diminish the evaporat- 
ing surface. 

6. The negative evaporation due to rain is very slight, and may be 
corrected for if necessary. 

7. The form of the cup admits of its simulating to a high degree the 
evaporation conditions presented by the aerial portions of a plant. 
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8. The instrument may be placed in almost any conceivable position, as 
at different heights above the soil surface, &c. 

9. The porous cup may be read for much shorter time-periods than can 
any simple evaporator pan. 

Coefficient of Correction for the Porous Cup Atmometer.—This is found 
by comparing the evaporation rate, under the same conditions, from a given 
cup and from a standard cup, or from a standard water surface. The 
effective evaporating surface of every cup is apt to change with use, there- 
fore the method of standardising to standard cups is rather unsafe. In 
standardising to a free water surface the cups to be standardised are exposed 
in a room or greenhouse (in the absence of wind) alongside a series of 
several pans. The latter are of such size and form as to present approxi- 
mately the same evaporation surface as the cup, the volume of the water 
contained being automatically kept approximately the same as that of the 
cup. The entire stand, with pan and constant-level apparatus, is weighed 
at intervals of twenty-four hours, when the cups are also read. The average 
loss from the pans is taken as the standard, and is divided by the loss from 
the several cups respectively, the quotient being the coefficient. When the 
cups are in use every reading is brought back to standard by multiplying it 
by the coefficient for its particular cup. 

The alteration of the coefficient appears to be due in part to the accumu- 
lation of dust upon the clay surface, but in larger part to movements of 
soluble salts within the wall of the cup. With high evaporation rates the 
cups often become virtually glazed on the outside, owing to the outward 
diffusion of these salts and their recrystallisation on the surface. Cups 
are also often clogged by the growth of micro-organisms within and upon the 
cup. This occurs with low rates of evaporation, usually only with high 
humidity. 

It is therefore necessary to redetermine the correction coefficient from 
time to time—at intervals of a month or less. This can be done, without 
interrupting the series of observations, by simply replacing the cup by a 
new one which has been standardised, the old one being returned to the 
laboratory for retesting. The coefficient for any period is either the average 
coefficient obtained from the original and final tests, or it may be deter- 
mined by interpolation for the different partial periods as determined by the 
actual observations. The change in coefficient in a properly operated cup 
is usually practically negligible for periods not exceeding a month or six 
weeks, but safety requires that this fact be established for each instrument 
as it is operated. 

The growth of organisms in and upon the cup is prevented by an initial 
rinsing of the cup on the inside with a solution of mercuric chloride. The 
small amount of this salt necessary has no effect on the behaviour of the cup. 

The cups should be handled without touching the evaporating portion. 
It is found desirable to coat with melted sulphur, sealing-wax, or shellac 
the basal portion of the cups, thus giving a safe surface for handling. Of 
course, nothing but distilled water may be used in all operations with this 
atmometer. 

Treatment of Clogged Cups.—When cups become clogged so as not to be 
able to transmit water as rapidly as it is demanded by the evaporating 
power of the air, they may be renewed by removing a thin layer of the 
clay from the outside. They are first dried, and then scraped with freshly 
broken glass, or, better, ground on a lathe with a medium grade of sand- 
paper. Now and then it occurs that this treatment will not suffice, in 
which case it is best to discard the cup entirely. After scraping or grinding 
restandardisation is, of course, necessary. 
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5. Some Observations on Spireea Ulmaria. 
By Professor R. H. Yapp, M.A. 


In a previous communication * the author described the curious seasonal 
differences, in respect to hairiness, which are to be found in the leaves of 
Spirea Ulmaria. It was then shown that the leaves unfolded in the spring- 
time are successively glabrous, partly hairy, and finally densely hairy. 

Further observations have shown that in the case of rhizomes, which do 
not develop into erect flowering shoots, this increasing hairiness is only 
found up to about the middle of July. The leaves unfolded subsequently 
to this exhibit decreasing hairiness until autumn, when glabrous leaves are 
again formed. 

The author showed that the production, in nature, of glabrous or hairy 
leaves coincides in a remarkable way with the changes in (1) the evaporating 
power of the air and (2) light intensity. This is true whether the vertical 
changes in these factors (due to the density of the vegetation) or the annual 
march of evaporation and light intensity are considered. 

It is difficult to influence the hairiness of Spirea leaves merely by 
altering the external conditions. But the hairiness is very distinctly 
reduced by growing the plant in deep shade, if at the same time the 
atmosphere is constantly kept humid. 


6. The Delayed Germination of Seeds. By Professor L. H. PamMEt. 


In 1901 the author began a study of the germination of weed seeds kept 
under different conditions. It was soon discovered that a large number of 
weed seeds failed to germinate in the fall as they should, and a more 
extended work was begun in 1902, keeping some of the weed seeds in paper 
packages, while others were stratified in sand and subjected to the environ- 
mental conditions of an Iowa winter. Mr. H. 8S. Fawcett, under my direc- 
tion, made a study of a large number of weed seeds. He found on germinat- 
ing seeds each month from November until May, and another sample in 
May which had been exposed to the weather, that the general effect of the 
freezing and thawing was to increase the percentage of germination, espe- 
cially of seeds with hard coats; stratification lessened also the dormant 
period in the case of wild rye from nine to five days; the common fox-tail 
(Setaria glauca) from eleven to seven and a quarter days, while the per- 
centage germination of this plant was increased from 34% to 38 per cent. 

Subsequently the author and Miss Charlotte M. King made a study of 
the germination of seeds of 130 species of weeds. As in the previous ex- 
periment, seeds were placed in paper packages and planted each month. 
Another lot was stratified in sand and subjected to an Iowa winter. The 
experiment was started in the fall of 1905, continuing until April 1909. 
The germination of the seeds was remarkably low during all the months, 
but in most instances the germination was better in samples stratified in 
sand than those kept in paper packages. Many of the seeds germinated in 
a very irregular manner, better in some years than others. It is evident 
that the factors influencing the germination of many of our weed seeds and 
species of plants are not known. A study was also made of old clover seed. 
It was found that the scratching of clover seed and treatment with sulphuric 
acid in some cases hastened the process of germination, but not in all. 

Finally, it was found with reference to the soft maple (Acer sac- 
charinum) that this seed soon loses its vitality, but that it may be kept for 
weeks in a refrigerator without materially losing its vitality. The thin 
seed-coats cause a rapid loss of water from the cotyledons, and hence 


1 Brit. Assoc. Rep., Leicester Meeting, 1907, p. 691. 
1909, xX 


674 TRANSACTIONS OF SECTION K. 


destroys its vitality. This is especially true of such seeds as those exposed 
to a drier atmosphere. 


7. The Perception of Light in Plants. By Haroutp Wacerr, I’.2.S. 


It is well known that various plant organs exhibit a definite response 
to the action of light. Free-swimming organs, such as zoospores, move 
towards or away from the source of light. Orthotropic organs, such as 
young seedlings, stems, and roots, bend towards or away from the light, 
whilst diatropic organs, such as foliage leaves, place themselves at right 
angles to the direction of the light. 

It was shown by C. and F. Darwin in 1880 that the illumination of one 
. part of the sensitive organ determines the movement in another part; that 
one part of the sensitive organ perceives the light and that a stimulus is 
set up which is transmitted to another part, where the movement takes 
place. In ordinary foliage leaves the leaf blade is usually the perceptive 
region, the movement being brought about by the petiole. 

It is clear that the object of these heliotropic movements is either to 
protect the plant from a too intense light or to bring it into such a position 
that it can take the fullest advantage of the light which falls upon it. 
There can be no doubt that this is effected with considerable precision. 
But how it is that the plant is enabled to perceive that it is or is not in 
the right position, and the means by which the light stimulus is set up, 
are not yet clearly understood. 

In the case of free-swimming organisms, such as Chlamydomonas, 
Euglena, &c., it is probable that the eyespot or its equivalent is the per- 
cipient organ. The light rays absorbed by the eyespot are those which 
are functional in heliotropism, and these may act in some way upon the 
flagellum either directly or through the cytoplasm, and so bring about the 
necessary modification of its movements by which the course of the organism 
is changed. 

In dia-heliotropic foliage leaves Haberlandt suggests that the epidermal 
cells or special modifications of them function as ocelli or rudimentary eyes 
by converging the light so as to bring about a differential illumination of 
the cytoplasm on the basal wall of the epidermal cells, by means of which 
the stimulus is set up. 

The layer of cytoplasm lining the epidermal cells would, therefore, in 
this case be the percipient organ. The evidence in favour of this view is, 
however, not very satisfactory and has been recently criticised, both on 
morphological and physiological grounds. 

As an alternative to this view, it is suggested that the chlorophyll grains 
are the percipient organs. It is well known that they are sensitive to 
light, and that in some cases they show this by definite responsive move- 
ments. The unequal illumination of the chlorophyll grains when the rays 
of light fall upon the leaf in a slanting direction would be sufficient to 
account for the generation of the stimulus, and it is possible that the 
optical behaviour of the epidermal cells may be of importance in this 
respect. The rays of light which are absorbed by the chlorophyll are the 
only ones which appear to be functional in heliotropism, and these by 
their action upon the various colouring matters contained in the chlorophyll 
may set up in the cytoplasm immediately adjacent changes necessary 
to bring about the stimulus. 


MONDAY, AUGUST 30. 


Joint Discussion with Section B and Sub-section K (Agriculture) on 
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TUESDAY, AUGUST 31. 


The following Papers and Reports were read :— 


1. The Production, Liberation, and Dispersion of the Spores of 
Hymenomycetes. By Professor A. H. Recinatp BuiEr, Ph.D. 


The number of spores liberated by large fruit-bodies amounts to 
thousands of millions. A specimen of Psalliota campestris with a diameter 
of 8 cm. was found to produce 1,800,000,000 spores, one of Coprinus comatus 
5,000,000,000, and one of Polyporus squamosus 11,000,000,000. The rate 
of elimination of the spores or young plants by death can be shown to be 
enormous. The most prolific kind of fish is not so prolific as a mushroom 
plant. It was estimated that a large fruit-body (40x28x20 cm.) of Lyco- 
perdon bovista, Linn, the giant puff-ball, contained 7,000,000,000,000 
spores, or as many as would be liberated by 4,000 mushrooms, each having 
a diameter of 8 cm. 

With the unaided eyes by daylight, clouds of spores were observed to 
be given off continuously for thirteen days from the underside of a large 
fruit-body of Polyporus sqyuamosus, It was found that each hymenial tube 
was liberating spores from every part of its hymenium. 

Spores falling from any fruit-body suspended in a suitable glass 
chamber, e.g. a closed beaker, can be seen in clouds or individually without 
magnification by using a concentrated beam of light. Much use was made 
of this discovery in the research. 

The beam-of-light method can be used to make a very simple and effective 
laboratory demonstration of the discharge of spores from mushrooms, &c. 
It may be carried out with great convenience at any time by using as 
material the mature xerophytic fruit-bodies of Lenzztes betulina, 
Schizophyllum commune, ‘Polystictus versicolor, &c. These can be kept dry 
in bottles for months or years. After wet cotton-wool has been placed 
above them they quickly revive, and they begin to shed their spores within 
six hours. The emission of the spores continues for days. 

The four spores on each basidium are discharged successively within a 
few seconds or minutes of one another. 

Each spore is shot out violently to a distance of about #4; mm, 

The rate of fall of spores in still air was determined for the first time. 
A-small piece of a fruit-body was placed in a vertically-disposed compressor 
cell. The falling spores were observed with a horizontal microscope, and 
their rate of fall accurately recorded upon a revolving drum. 

The first direct test of the applicability of Stokes’ Law to the fall of 
microscopic spheres in air has been carried out by determining the size, 
specific gravity, and terminal velocity of the spherical spores of 
Amanitopsis vaginata. The rate of fall of the spores was found to be 
about 46 per cent. greater than was expected. While, therefore, the 
observed speed has proved to be of the same order of magnitude as the 
calculated, Stokes’ Law has not been confirmed in detail. No fully satis- 
factory reason for the discrepancy between theory and observation has so: 
far been found. 

The rate of fall of hymenomycetous spores ranges from 0°35 to 60 mm. 
per second. It varies with the size of the spores, their specific gravity, 
and the progress of desiccation. The relatively very small spores of 
Collybia dryophila in very dry air were found to fall at an average rate 
of 0°37 mm. per second, whilst the relatively very large spores of Amani- 
topsis vaginata in a saturated chamber attained a speed of 6:08 mm. per 
second. The spores of the mushroom (Psalliota cam pestris), shortly after. 
they have left the pileus, fall at a speed of approximately 1 mm. per 


second. 
Kee 
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The importance of violent spore-discharge lies in the fact that thereby 
the very adhesive spores are prevented from touching one another or 
any part of the hymenium whilst escaping from the fruit-body. Each 
spore is shot out more or less horizontally into the spaces between the 
gills, in hymenial tubes, &c. The horizontal motion is very rapidly brought 
to an end owing to the resistance of the air. In consequence of this, 
and also of the attraction of gravitation, the spore describes a sharp curve 
and then falls vertically downwards. 

The path of the spore between the gills, in tubes, &c., has been called 
the sporabola, and is remarkable in that it appears to make a sudden bend 
approximately through a right angle. When for any spore the terminal 
vertical velocity and the maximum horizontal distance of discharge have 
been determined, its sporabola becomes amenable to a satisfactory mathe- 
matical treatment. 

In the agaricinee there are two distinct spore-producing and spore- 
liberating types of fruit-body—the Coprinus comatus type and the mush- 
rcom type. These differ from one another in several structural and 
developmental details. 

In the Coprini ‘deliquescence’ is a process of autodigestion which 
renders important mechanical assistance in the process of spore-discharge. 
It was more especially studied in the case of Coprinus comatus. The spores 
on each gill ripen and are discharged in succession from below upwards. 
Autodigestion leads to the removal of those parts of the gills which have 
already shed their spores and thus permits of the continued opening out of 
the pileus. By this means the necessary spaces for the violent discharge 
of th® spores from the basidia are provided. The spores, after describing 
sporabolas, fall vertically downwards between the gills. On emerging from 
the pileus they are scattered by the winds. ‘ Deliquescence’ is in no way 
connected with the visits of insects to the fruit-hodies, 


2. The Destruction of Weeds in Field Crops by Means of Chemical 
Sprays. By Professor Henry L. Bonney. 


This paper cited the fact that spraying for the control of fungi and 
insects has developed but slowly along lines directed chiefly by simple 
trial experiments. There has been in this work but slight real investigation 
upon biological effects or relations either as affecting the host or the 
parasite. 

Noting that since he introduced the work of field-spraying for control 
of weeds in cereal crops the idea is being widely accepted and applied 
under greatly varying conditions of the crop, weeds, and season, the author 
called attention to the great possibilities involved in the process, both for 
crop improvement and crop production. 

It calls for no mere spraying of a few vegetables, a vine, or a few 
trees at a time, but is directed upon the crops of greatest field extent and 
monetary value—wheat, corn, oats, flax, barley, pasturage, hay lands, 
park ways, &c. The possible cost of the process far exceeds that of any 
other type of spraying yet undertaken. 

For this reason alone the author thinks that this work of great agri- 
cultural import should not be left to the slow process of development by 
trial, or to the energetic but wild propaganda of chemical and spraying 
machine companies. Mistakes which may involve the yield of great wheat 
areas are too costly. Exact investigations, chemical, physical, and 
physiological, involving the effects of the various sprays upon the biology 
of the weeds and the crop plants should be undertaken, so that experi- 
menters may be able to give quite explicit explanations of the results 
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which may be expected under the particular conditions under which the 
farmer must work. 

Considering the fact that empirical trials will tend to establish the most 
simple conditions of usefulness, the following lines of investigation were 
cited as most likely to promote a normal and efficiently rapid develop- 
ment of the process: (1) The exact nature of the chemical or chemicals 
employed ; (2) the substances in the weeds and crop plants most likely 
or apt in physical, chemical, or physiological action; (3) the relation of 
the particular reactions as influenced by atmospheric moisture, soil 
moisture, sunlight and heat; (4) the action of the sprays as influenced 
by the chemical type of the soil, and the age of the plants to be treated ; 
(5) the spread of reaction between the cropping plant and the weed 
concerned as evidenced in susceptibility to the sprays, and as shown in 
structural and physiological differences ; (6) the form of spray most suited 
to do the work in each particular case; (7) what organisms are concerned 
other than the cropping plants and the weeds attacked. 


3. Some Effects of Tropical Conditions on the Development of certain 
. English Ginotheras. By Dr. R. R. Gatzs. 


The seeds for these cultures were obtained from near Liverpool, 
England, through the kindness of Dr. D. T. MacDougal, and the first 
culture was planted in the tropical greenhouse at the University of Chicago, 
July 1907. Fifty-six plants were grown in this culture, and soon there 
were seen to be two distinct series of rosettes, one of which proved to be 
derivatives of 0. Lamarckiana’ and the other of O. grandiflora. The former, 
which included just half the culture, produced a variety of forms, including 
types very closely related to the mutants of De Vries, and others quite 
different from them. All but six of these continued in the rosette stage, 
and were still rosettes when the culture was discontinued in May 1909, 
nearly two years after it was begun. 

During the twenty-two months of the culture many of the rosettes 
continued producing cycle after cycle of rosette leaves above, the old leaves 
dying away below. This was accompanied by a great amount of growth 
of the stem in thickness and some growth in length, but no internodes were 
formed. The result was a stem, in one or two cases eight or ten inches high, 
having a striking similarity to the appearance of a cycad, with its surface 
covered with leaf bases and leaf scars arranged in diagonal series and 
surmounted by a crown of rosette leaves. Several plants of this 
O. Lamarckiana series, after producing a considerable leaf-base area, 
finally, in October and November 1908, sent up a stem of the ordinary 
type. These stems showed marked fasciation, and the branches were few, 
irregular, and high up on the stems. The same applies to a less extent 
to the O. grandiflora derivatives. The main stem, particularly when 
fasciated, often drooped over and grew horizontally or downwards for a 
time, later growth being erect again. 

The other half of this culture is of special interest, because I have 
shown them to be derived from O. grandiflora. ‘The rosettes are markedly 
different from those of any of the O. Lamarckiana series. Several types 
of leaves succeed each other as the rosette develops. In the tropical culture, 
in the final rosette stage, the leaves have deep lobes at their base. This 
stage is entirely omitted when the plants are grown under ordinary con- 
ditions, as shown by my cultures this year at the Missouri Botanical 
Gardens, from offspring of the plants in this culture, as well as from seeds 


1 As already known from Charles Bailey, Manchester Mem. 61, No. 11, 1907, and 
MacDougal, Carnegie Pub. No 81, 1907. 
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direct from the English locality. In no case did these lobes appear in 
any of the rosettes. Instead, a loose rosette is formed, consisting of a few 
leaves of the type which preceded the lobed type of leaf in the tropical 
culture. In many cases, however, no rosette whatever was formed, the 
plants already having a stem several inches high when small seedlings 
three months old. The plants of this series in the tropical culture remained 
in the rosette stage until June 1908, or about ten months. During the 
summer of 1908 they sent up tall, slim stalks, branching very little except 
at the top. 

Incidentally it might be said that there is no tendency in the offspring 
of the tropical culture to inherit the tendency to produce the type of rosette 
leaf with basal lobes. 


4. The Organisation and Reconstruction of the Nuclei in the Root-tips 
of Podophyllum peltatum. By Professor James Bertram OVvERTON. 


Although nuclear divisions have been frequently studied, a detailed 
investigation of the behaviour of the chromosomes during rest has, until 
recently, been largely neglected. A number of valuable papers have 
appeared, notably, those of Von Wisselingh, Grégoire, and his students, 
Haecker, Strasburger, and Bonnevie, so that general interest has increased. 

Most authors hold that the chromatin is the bearer of the hereditary 
qualities. In the resting nucleus there appear two stainable substances, 
the linin framework, in which the more stainable chromatic corpuscles are 
. Impregnated or supported. When the chromosomes become visible these 
corpuscles, or whatever they may be called, become arranged in linear 
series into a ribbon or spirem. By a fission of these bodies and of the sub- 
stratum a perfect division of the hereditary qualities results. Grégoire 
admits the presence of two substances, but maintains that the chromatin 
does not exist as granules, but that it impregnates the linin. He finds 
the reticulum equally stained, except at the junctures in the young regions 
of the root-tip, and therefore concludes that the chromatin entirely im- 
pregnates the linin in these nuclei. In older regions one can recognise true 
chromatin spheres, resulting simply by a massing at certain points. In 
the spirem he believes the so-called chromomeres are only the nodal struc- 
tures due to alveolisation, the whole band being chromatic with denser 
portions. 

The reticulum of the resting nucleus results, according to Gégoire, by 
the lateral anastomosing of the telophase chromosomes. These anastomoses 
arise as marginal portions of the chromosomes, which are at first always in 
contact, and by the transformation of each chromosome, by means of a 
gradual alveolisation, into alveolar reticulate bands or elementary reticula. 
The final nuclear reticulum, therefore, is composed of a number of elemen- 
tary reticula in juxtaposition. During the prophases a recondensation 
occurs to form the chromosomes of division. This interpretation has been 
confirmed by Kowalski, Berghs, Ulano, Haecker, and the Schreiners. 

I have endeavoured to follow in detail the changes which the telophase 
chromosomes undergo during their passage into the resting nucleus, and to 
follow carefully their structure and arrangement in the resting nuclei of the 
root-tips of Podophyllum peltatum, and also to determine how the visible 
chromosomes are reformed preparatory to division. 

During the passage of the chromosomes from the equatorial plate to the 
poles they become more or less irregularly vacuolated, appearing more 
transparent in spots. This appearance gradually increases until conspicuous 
anastomosing vacuoles appear on the inside. I have never found the 
chromosomes so completely massed or crowded as described by some authors 
for other plants. The chromosomes often touch each other laterally at 
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certain points, due, perhaps, to their increased size, brought about by the 
vacuolisation. These telophase chromosomes become arranged into a spirem, 
as usually described, before the formation of the complete nuclear reticulum. 
The progressive vacuolisation continues until each chromosome becomes very 
much enlarged. The vacuoles, which are of various shapes and sizes, seem 
to run into each other laterally, thus forming eventually a reticulum from 
each chromosome. It appears as though certain portions of each chromo- 
some were being dissolved and replaced by a liquid substance, leaving a 
true reticulum. I believe that each chromosome is composed of chromatic 
granules, closely massed in a linin substratum. By means of the progressive 
vacuolisation these chromatic granules are separated. Not all of the linin 
disappears in this process, so that a reticulum of linin supporting the chro- 
matic granules remains. The whole process, so far as I have been able to 
observe, never begins from the outside, but is always internal. I have never 
found the lateral anastomoses of marginal portions, described by Grégoire, 
in well-fixed preparations. I have followed each chromosome to complete 
reticulation, and discovered traces of each chromosome in the resting 
nucleus. It does not appear as though the individual chromosomes anasto- 
mose with each other. I consider the resting reticulum as being composed 
of several independent elementary reticula, formed from the chromosomes 
as I have described above. 

During the early prophases the reticulum becomes more dense and more 
chromatic in appearance. Each chromosome becomes more condensed and 
distinct, resembling those found in the reconstruction stages. The vacuoles 
become fewer, and the chromatic portions larger and closer together. The 
chromosomes thus condensing are arranged into a ribbon or spirem, which 
is not, however, continuously chromatic, but consists of the individual 
condensed chromosomes united serially by less stainable achromatic portions. 
This ribbon, which is at first broad and reticulate, becomes densely chro- 
matic, and very thin and long, with chromatic bodies, which are apparently 
chromomeres. The ribbon splits lengthwise, while still very long and 
spirally coiled in the nuclear cavity. The spindle stages follow the usual 
descriptions. 

Although some authors, as Tellyesniczky and Fick, dispute the indi- 
viduality of the chromosomes, many investigators maintain that the indi- 
vidual chromosomes persist in a somewhat modified form in the resting 
reticulum. My results support this latter view. Although I have been 
unable to trace each chromatic granule throughout the various nuclear 
changes, I regard them as autonomous bodies. The existence of a regular 
reticulum, composed of chromatic portions united by linin strands, and the 
appearance of nuclear regions, which correspond to the reticulated chromo- 
somes, support this view. Since the same chromatic bodies, from which the 
chromosomes form the reticulum, re-enter the same chromosomes, the 
chromosomes themselves not only persist as individuals, but are apparently 
composed of autonomous granules. 


5. The Nuclear Phenomena of Ascomycetes in relation to Heredity. 
By Miss H. C. I. Fraser, D.Sc. 


In the majority of Ascomycetes investigated fertilisation involves the 
fusion in pairs of several nuclei. In normal cases one member of each pair 
is derived from an antheridium, the other from an ascogonium. In various 
degenerate forms the antheridium is wanting and the ascogonial nuclei fuse 
one with another, or in the absence of the ascogonium also, vegetative nuclei 
unite. Fertilisation, whether normal or degenerate, is followed by another 
fusion of two nuclei in the young ascus. 
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Recent investigations * have shown that these two successive fusions are 
compensated by two reducing divisions, the sexual fusion by a meiotic 
reduction such as is associated with fertilisation in other organisms, the 
fusion in the ascus by the simpler brachymeiotic process. 

Brachymeiosis differs from meiosis in several particulars; the most 
essential seems to be that in meiosis the chromosomes are united two and 
two to form gemini; whereas brachymeiosis may be accomplished (Hwmaria 
rutilans, Lachnea stercorea) without visible union of the chromosomes, and 
even when pairing takes place (Ascobulus furfuraceous, Humaria granulata) 
the opportunity for an interchange of material seems less than in meiosis. 
It thus appears possible to differentiate between sexual and asexual fusion 
by a study of the subsequent reduction processes. 

The paternal and maternal allelomorphs and also the allelomorphs 
which are brought together by the asexual fusion in the ascus show very 
various degrees of association. Sometimes (Humaria rutilans, &c.) they do 
not become paired before the reducing division, sometimes they unite 
(Phyllactinia,? Humaria granulata, &c.) at an earlier stage. Variations 
in this respect are not confined to Ascomycetes. 


6. The Nucleus of the Yeast Plant. By Haroup Wacer, F.R.S., and 
Miss ANNIE Pentston. 


In living yeast cells in healthy condition there is always present a 
well-marked vacuole containing one or two bright refractive granules which 
exhibit a brownian movement. 

This vacuole, together with a homogeneous, stainable body, the nucleolus, 
in close contact with it on one side, is the nucleus of the Yeast cell. 

The examination of well-stained specimens, under high powers of the 
microscope with suitable illumination by means of a good substage con- 
denser, shows that there is in contact with the nucleolus and intimately 
connected with it a more or less well-developed granular chromatin net- 
work, which occurs mainly at the periphery of the vacuole. 

The nucleolus and nuclear network contain nuclein, as is shown by 
their reaction towards stains and various reagents, and both contain 
organic phosphorus and masked iron, as shown by the reactions given by 
Macallum. 

Immediately outside the nucleolus, in close contact with it, and in the 
cytoplasm immediately adjacent, we often find numerous chromatin 
granules. These also give the phosphorus and iron reactions. 

The nucleolus varies very considerably in its capacity for stains ; some- 
times so deeply stained that it seems to form with the chromatin granules 
around it a single irregular stellate-looking mass, at other times so 
slightly stained as to be almost invisible. At such times we generally 
find at the periphery of the nucleolus a single deeply-stained granule in 
close contact with it or embedded in its substance. 

The nuclear vacuole exhibits great variation in its capacity for 
stains. The chromatin granules are sometimes present in large quantity, 
sometimes almost completely absent. The amount of chromatin appears 
to vary with the state of metabolic activity of the cell. 

The prominence of the nuclear vacuole at certain stages suggests the 
possibility that it plays an important part in the metabolic activity of 
the cell, possibly in the elaboration of chromatin. 

The cytoplasm often contains bright refractive granules which are 
visible in the living cell. Some of these are composed of a fatty substance, 


! Fraser, 1908 ; Fraser and Welsford, 1908 ; Fraser and Brooks, 1909 
? Harper, 1905. 
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others are similar to the metachromatin granules of Babes and the red 
granules of Butschli, which are now called volutin granules. They vary 
very considerably in number at various stages, appear and disappear 
with remarkable ease, and are associated with active metabolic conditions. 
They occur either directly in the cytoplasm or in what may be called 
volutin vacuoles, and from one to three granules, possessing somewhat 
similar characteristics, are usually found*in the nuclear vacuole. 

Glycogen is very abundant at certain stages. It is visible in the living 
cell in the form of clear bright refractive vacuoles or vacuolar spaces, 

In the process of bud formation the nucleus divides amitotically into 
two equal or unequal portions, one of which passes into the daughter cell 
together with a portion of the network of chromatin. In spore formation 
the nuclear vacuole and network disappear before the division takes place. 


7. Interim Report on the Structure of Fossil Plants. 
See Reports, p. 320. 


8. Report on the Survey of Clare Island.—See Reports, p. 321. 


9. Interim Report on the Experimental Study of Heredity. 
See Reports, p. 319. 


SUB-SECTION OF AGRICULTURE. 
CuarrMan.—Major P. G. Cratatn, C.B., F.S.5. 


THURSDAY, AUGUST 26. 


The Chairman delivered the following Address :-— 


THE occupant of this chair, in the great annual convention of the promoters 
and appliers of science, cannot fail at the outset of a new session to 
put on record his emphatic endorsement of the claim, so strongly and so 
reasonably pressed by his distinguished predecessor at Dublin, that dis- 
tinctively agricultural problems, instead of being regarded as a subsidiary 
sub-section of any single division of the Association, should be accorded the 
full dignity and convenience of a ‘ Section.’ Specialised research is to-day 
one of the governing features of scientific inquiry. It is but fitting, there- 
fore, that those who are trying to equip the agriculturist with all the 
knowledge which recent speculation and experiment have to offer for the 
fuller and more economic development of the soil should at least be allotted 
equal space and sectional rank with the engineer, whose problems are dis- 
cussed in Section G, or with the schoolmaster, whose educational methods 
are debated in Section L. 

If there were any country in the world where an apology could legiti- 
mately be offered for relegating agricultural science to a secondary position, 
it is certainly not that in which we meet to-day. In this wide Dominion of 
Canada, in this progressive province of Manitoba, in this great city of 
Winnipeg, where the agricultural industry must dominate the interests of 
the people, hardly any subject in the whole range of study can claim a 
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more paramount degree of attention than the utilisation of the land for the 
use of man. 

This is by no means a matter which can be disposed of as an occasional 
side-issue in the deliberations of any single Section. If we agriculturists 
have been tardy in coming to be taught by the scientists, we are in earnest 
now in the application for instruction that we make. Neither is it to any 
one science we appeal. KHven the stern mathematician or physicist of 
Section A can teach us something, arithmetical and meteorological, for the 
right conduct of our business and the wiser forecasting of our plans. The 
chemists of Section B have, in an infinite variety of tasks, to come to the 
aid of the farmer, and they have doubtless much to tell of the magic they 
can promise in the direction of fertilising methods. Section C must be 
raided for the experts who know the contents of the soil itself and its 
capacities. Section D may have much to pass on to us concerning 
the live stock and the insect enemies of our farms. Section E may 
enlighten us on the world-wide distribution of crops and the new regions 
awaiting the skill of the husbandman. To Section F we look for warnings 
as to the economic conditions and barriers which—as we are apt to forget— 
hedge round our industry, and for the statistics which must govern the 
varying direction which we give to our enterprise from time to time. The 
mechanical operations of our calling suggest to us the practical assistance 
which Section G can surely offer. Nor-dees even Section H lie wholly 
remote from the inquiries we may need to make as to the resources of the 
globe and the wants of diverse communities. The physiology of Section I 
opens regions of research quite germane to many of our daily studies. Under 
Section K, as an overlord, we rest to-day assured that if every botanist is 
not a farmer, every farmer must in a sense be a practical botanist, for ever 
face to face with the plant and its environment. Perhaps also, in common 
with all the rest of the world, we may have something to our advantage 
to hear from the pedagogues of Section L, who may advise our scientific 
counsellors as to the best form in which even the practical farmer may be 
taught. 

Addressing ourselves, however, to the immediate task in the sub-section 
allotted to us, I suggest to you to-day that, having regard to the place where 
we meet, I may, as a proper prelude to your debates, invite you to consider, 
even if only in the broadest way, what are the leading factors that govern 


the fluctuations of this our industry of agriculture all the world over, and. 


in new countries in particular. The first factor of all is undoubtedly 
population—its growth, its rapidly varying local distribution, and its 
changing and diversified needs. It is for man that crops are raised, 
whether these crops are to furnish food for direct consumption or for the 
sustenance of live stock, or whether they furnish us with our clothing, like 
the wool and the cotton of other lands, or with the materials for shelter, as 
the great timber crops which your vast forests here may bear. When we know 
what is the demand at any given place and time, we shall be prepared to 
give a more exact examination to the means of turning out the effective 
supply at the right moment and in the right place, be it of wheat, of meat, 
of fruit, of wool, of flax, of cotton, or of timber. 

Sir Horace Plunkett told us last summer that he hoped to find in an 
Agricultural Section ‘some humanised supplement to the separated milk of 
statistics.’ Perhaps he unconsciously reflected in that remark the suspicion 
that in earlier days the agricultural debates, which, for want of a better 
place, took place in the Economic and Statistics Section, unduly paraded 
the bare figures of the position. But I myself confess that, however mortals 
may shrink from the rigid arbitrament of arithmetic, neither the teaching 
of the scientist nor the rhetorical advice of the philosopher will lead the 
agricultural student of the future, even if he have the luxury of a complete 
Section of his own, to any fertile result, unless he begins by a clear diagnosis 
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of the facts as they stand, on the one hand as regards population, on the 
other as regards production. We shall by no means waste time if we try 
to investigate, with some approach to exactness, what are the areas still 
available for extended cultivation, and who and where are the consumers 
of our products, and what are their present and future demands. 

Obviously, however, in the limits of an Address like this it is impractic- 
able to make, in any detail, a world survey such as this implies, and it is 
only the most patent of the changes in the world’s populations and their 
agricultural demands which I can put before you. There was a time when 
the human family lived in self-contained groups, extracting their require- 
ments from the soil which lay around them. So lately as one hundred years 
ago there was very little of the international trade in food or other agricul- 
tural products such as is familiar to our practice to-day. The nations 
largely lived on their own territories, and the world has wide sections still 
where production is limited by local needs. But even a hundred years ago 
or more perpetual questions were emerging as to the time when men should 
have multiplied more rapidly than food. The transportation revolutions of 
the nineteenth century may be almost said to have laid that scare by their 
aid to the mobility alike of the world’s populations and of the world’s 
produce. For the migration of men from dense settlements to open lands 
on the one hand, and the transport of their produce to the cities of the old 
world on the other, have simplified, and may simplify still further, the 
solution. It is all a question of distribution. 

If the world holds to-day just twice as many souls (as the best demo- 
graphic authorities seem to assume) as it did only some two generations 
back, this growth has been by no means uniform, and the development is 
governed and provoked by the pressure of population on sustenance. Some- 
times, I think, we are apt to forget what Professor Marshall, of Cambridge, 
has so well laid down, that ‘man is the centre of the problem of production 
as well as that of consumption, and also of that further problem of the 
relation between the two which goes by the name of distribution and 
exchange.’ Vastly has the latter problem been simplified by the giant 
strides the second half of last century has seen in annulling distance and in 
facilitating transport, till all the world bids fair to become a single com- 
munity. Whether the present distinguished British Ambassador to the 
United States was right in looking forward to the gradual unification of 
the type of the world’s inhabitants by the diverse processes of ultimate 
extinction and absorption of inferior races, I think we will agree with him 
that the spread into new regions of conquering or colonising races has 
provoked desires for, and made practicable the supply of, far more varied 
wants than once were even contemplated, or could indeed have been made 
available, while the producing areas were sundered widely from the con- 
suming centres. 

The sixteen hundred million souls this earth of ours now carries are 
at present by no means evenly spread over its surface, and a population chart 
reveals the most extraordinary diversity in the density of the people on the 
soil. More than one-half are on the continent of Asia, and of these a large 
section are densely clustered in India, China, and Japan. In Europe, where 
the average density is double that of Asia, and approximately one-fourth of 
the world’s inhabitants are gathered, many portions are nevertheless still 
far less thickly peopled than the Eastern States just named. Populations, 
over any considerable areas, exceeding 500 to the square mile, may be found 
on the world’s map not only in parts of the United Kingdom, in Belgium, 
or in Saxony, but yet again on the Lower Ganges, on the Chinese coast, 
and even in portions of the narrow valley of the Nile. But the Indian or 
the Chinaman are not, broadly speaking, to be ranked among the com- 
munities of which we are thinking when we concentrate our attention on 
the increasing transport of breadstuffs or of meat from the New World to 
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the Old, which has become the prominent feature of the agriculture of our 
own day, whatever attention may have to be given to the conditions of the 
Far East at some distant date. 

The great movements of agricultural products which have signalised the 
last half-century are not for the most currents of food supply into Asia, 
or into Africa, or North America, despite certain limited exceptions which 
are just beginning to attract attention, as possibly hereafter significant in 
the case of imports of wheat into Japan or China, of Australian meat into 
Eastern Asia and South Africa. The Asiatic or the African agriculturist 
is for the most part content to find the primary necessities of life close at 
hand. It is mainly Europe, and indeed Western Europe, that calls to-day 
for the import of breadstuffs or meat or dairy produce. There the growing 
volume of sea-borne imports has not only materially influenced the agriculture 
of old settled countries, but at the same time has signalled to the European 
toiler that space and plenty awaits him oversea, and has stimulated the 
development of new spheres of cultivation at a rate which the relatively sparse 
population of the New World, unless largely recruited by immigration, could 
never accomplish. 

I ventured some years ago, from the chair of the Royal Statistical 
Society, to review the recent changes we have seen in the structure of the 
world’s populations, and urged the greater wisdom of bringing the men to 
the food rather than the food tothe men. The centripetal force which was, 
in all parts of the earth and not in the oldest countries only, packing more 
and more together the human family in vast industrial centres, which drew 
the materials of their handicraft and the food for their maintenance from 
far distant lands, seemed to my judgment a much less healthy form of 
development than the older centrifugal impulse which led man to move 
himself to the newer regions, where the produce was nearer to the mouth 
of the consumer, and where he could fulfil the oldest obligation of the race 
to go forth and replenish the earth and subdue it. The vision that meets us 
here of ample land awaiting man, of possibilities of agricultural production 
which can only be realised by well-considered and augmented immigration, 
impresses the visitor from an old and overcrowded country. Before and 
above all speculations of what transport has done, and may yet do, to carry 
masses of agricultural produce across the ocean, I must claim, as the better 
prospect, a steady settlement of these wide acres by a population resting on 
the soil which this great Dominion offers, and drawing from it, by a more 
diversified and more general and more wholesome type of farming, a far 
better, and in the long run a more economic, return than the mere extraction 
of grain for export can ever promise. 

Taking the thirteen States of Western and Central Europe as an 
example of what I mean, there were added there, in the last seventy years of 
the nineteenth century, on a comparatively limited surface, something like 
100,000,000 new consumers to the 167,000,000 persons previously resident on 
the 1,700,000 square miles of territory occupied by this group of nations. 
These numbers, too, take no count of the emigration which has lightened 
the pressure on the soils of the home lands of Europe. Clearly the main- 
tenance of nearly 70 per cent. more consumers must have meant either a 
vast development of local agricultural production or a vast demand upon 
the acreage of the new land of the West, or both. The defective nature of 
the early statistics obstructs the search one naturally makes into the extent 
on which these new populations on the old lands have been fed on larger 
local areas, or from larger yields on non-expansive areas. Adopting, there- 
fore, a much shorter range of view, the lifetime of a single generation has 
given us 30 per cent. more consumers in Western and Central Europe than 
were there in 1870, the German element rising apparently by 50 per cent., 
the Scandinavian, Belgian, and Dutch group of small nationalities by 
44 per cent., and the United Kingdom by 40 per cent. in this interval, while 
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these developments were of course reduced in their effect on the total by the 
slower growth of the South-Western nations and the nearly stationary con- 
dition of France. 

No larger areas, but rather smaller ones, of the chief food grains are 
apparent in Great Britain or Scandinavia or North-Western Europe. The 
German areas of wheat and rye show practically little change, and although, 
if the Hungarian areas are larger in the centre of Europe, the general 
movement is not upward in respect of food-producing area. Even in live- 
stock the numbers scarcely keep pace with population, for although the herds 
and the swine of Western and Central Europe have risen by nearly a fourth 
in the one case and three-fifths in the other, the sheep, except in Great 
Britain, are much fewer now. 

On the average of the first quinquennium of the present century the 
home production of wheat represented only about 20 per cent. of the 
consumption in the United Kingdom or in Holland, 23 per cent. (appa- 
rently) in Belgium, 64 per cent. in Germany, and perhaps 80 per cent. in 
Italy ; and the imported grain to fill the deficits was considerably over 
400,000,000 bushels. Nearly~half of this came, of course, from Eastern 
Europe, and particularly Russia. Such a mass of produce would require 
20,000,000 acres elsewhere, even if the exporters could raise it, as most 
have certainly not done, at twenty bushels per acre, and nearly double that 
area if the yield was only that of some of our largest exporters to-day. 

The actual reductions of area in Western Europe are not in the aggre- 
gate extensive, although Belgium has seen her grain area shrink from 
30 to 25 per cent. of her total surface, France from 28 to 25°5 per cent., 
and the United Kingdom from 12 to 10 per cent. The grain-growing 
capacity of European States varies greatly, and it would be interesting, 
were the data everywhere available, to see how far we have distinct evidence 
of an appreciable if not any great advance in the yields extracted from the 
non-expanding areas under the more recent conditions of scientific knowledge. 
Nowhere is so large a share of the total surface under grain as in Roumania, 
an Eastern European State and not inconsiderable wheat exporter, and there, 
at all events, the total grain acreage developed between 1886 and 1906 by 
nearly 25 per cent., and the surface under wheat by 72 per cent. The yield 
there, according to some official reports, was something over fifteen bushels 
per acre in the five years before 1890, and in those ending 1906 it was over 
nineteen bushels—the latest year nearly touching twenty-three bushels ; the 
barley yields of the same State rising from an average in the former quin- 
quennium of thirteen bushels to over nineteen bushels in the latter. 

In Hungary, another European grain exporter, the wheat acreage has 
been materially developed, rising from over 7,000,000 acres to 9,500,000 in 
twenty years to 1906, and but slightly receding since, while the yields are 
also materially greater. 

France, with a drop in wheat acreage of 1,000,000 out of 17,000,000 acres, 
has between 1884 and 1908 raised the average of her production on a five years’ 
mean from 17°8 bushels to 20°2 bushels, and thus turned out somewhat more 
produce from a lessened surface. 

Germany, on a constant but much smaller wheat area of 4,700,000 acres, 
with a quinquennial average yield of 20°3 bushels, would seem to have 
raised this to 27°9 in 1899-1903, touching a still higher level in more 
recent seasons, when 30 bushels were apparently approached, although some 
changes in her statistical methods of inquiry may slightly reduce this com- 
parison. 

Some effort to feed new mouths from old acres has thus indeed been made. 
Nevertheless, without disregarding altogether the qualifications which a 
careful statistician would deem it his duty to admit, one may broadly say 
Western Europe looks mainly for the growing needs of her consumers to the 
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still exporting States of Eastern Europe, to the New World regions of North 
and South America, and in a minor degree to Australasia. 

Before we quit our session here in Winnipeg we may expect to learn 
something of scientific interest and of economic guidance respecting the 
response of Canada to the Old World’s call. But it is not for grain alone 
that densely peopled countries turn to the new fields of the West. Probably 
the geographical conditions of our place of assembly this year will not 
lead us at all closely into discussion on the variations in the sources and 
fluctuations in the volume of the wool supply, or that of cotton, but the 
possible development of livestock on the territories of newly settled countries 
may be expected to come well within our purview, and afford us lessons in 
the development of the export trade in meat and dairy products, and the 
relation of the Canadian to the surplus of other States. The Royal Statis- 
tical Society of London had a paper this summer by an old colleague of 
mine, Mr. R. H. Hooker, which, although primarily devoted to the supply 
of Great Britain herself, and the price of meat in her markets, has a world- 
wide view of what is going on all around us in the conditions of production 
and of transport ina commodity as important to human life as wheat itself. 

Fully a quarter of a century has gone by since, on a former visit to 
Canadian soil at Montreal in 1884, I raised a debate on this subject of the 
production and consumption of meat, and the various conditions of its 
transport. The twenty-five years that have passed since then have not 
rendered that particular topic a less important one for the consumers of old 
countries or the farmers of new, but ever-varying factors are presented by 
the opening of new territories to exploitation and the denser massing of 
accumulated populations with growing needs, and increasing preference 
for the most concentrated form of aliment. Among the most recent factors 
to be remembered as influencing one side of the meat trade future are the 
admissions of qualified experts in the United States as to the degree in 
which the growth of population there was beginning to trench upon the 
meat surplus of that Republic. On the other hand, the producer will not 
fail to bear in mind the rapidly advancing importance of partially 
developed areas and the great advantage of the more economic forms of 
dead-meat transport now adopted in South America, and will weigh against 
these the degree in which the herds of the vast prairies of North-Western 
Canada may be further utilised when questions of handling economically 
the resultant meat supply may he effectively elaborated. 

To-day, however, and here especially, one cannot but be reminded that 
in whatever direction we look for the aid of science to stimulate the 
development of Canadian resources, or to help the producers now in these 
provinces in measuring the probabilities that lie before them, or to summon 
eager emigrants to the land you have to offer them, there is an intense and 
ever-engrossing interest in the present and the future of wheat. Alike, 
therefore, to the statistician and economist on the one hand, and to the 
experimentalist and investigator on the other, we turn to ask what advice 
they can give to the farmer of a new country with an area so vast as the 
North-West of Canada presents, whether and how far and at what rate, with 
profit to himself and with benefit to the bread consumer across the ocean, he 
can push the extension of the well-nigh eight million acres of wheat land 
which the Dominion claims to show her visitors in 1909. 

The problem, important as it is to this particular region where we are met, 
cannot, however, rightly be treated as a purely Canadian question. It isa 
problem of world-wide interest and of great magnitude and more complexity 
than has been sometimes recognised, for it is none other than the issue of 
the race between population and production so far as at least one primary 
essential of human diet—bread—is concerned. 

Within a year of the last visit to this Dominion of the British Associa- 
tion the question was raised by no less an authority than the then President 
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of that body at the Bristol meeting of 1898, whether the possible wheatfields 
of the globe possessed a potential capacity of expansion sufficient to meet 
the hypothetical needs of the bread-eaters of even one generation ahead ; 
whether, in fact, a dearth of wheat supply was not already within sight, and 
by 1931 would be upon us. The suggestion that the wheat-producing soil of 
the world was already becoming unequal to the strain put upon it by the 
multiplication of men was not unnaturally met by a vigorous criticism. 
The mere suspicion that some day, however, there would not be land enough 
to go round, that famine could be averted only by the beneficial magic of 
the chemist, is too vital a possibility—even if some of us do not place the 
date so near or rely so fully on some of the computations made—not to 
command a very careful examination of the remedy propounded, the 
promise of the artificial production of nitrate in’such a volume and at such 
a price as would raise the average of the world’s production from 12°7 to 
20, if not even to 30 bushels of wheat per acre. 

The fixation of nitrogen, not as a dream but as a certainty, was, it will 
be remembered, claimed by Sir William Crookes as the condition on which 
the great Caucasian race was to retain its prominence in the world, and 
avoid being squeezed out of existence by races to whom wheaten bread is not 
the ‘ staff of life.’ 

Personally, I confess I am not so pessimistic as to the surface still 
available for wheat-growing even without this aid. If we grant that the 
so-called contributory areas, at a date two or three years before the close of 
last century, were just what was then stated, that the bread-eating popula- 
tion of that date was rightly guessed at 516,500,000—a much more difficult 
certainty to reach in the manner adopted by the American statistician whose 
figures were adopted—and that both the growth of population and of ‘ unit 
consumption’ would proceed exactly in the ratio suggested, it may legiti- 
mately be asked, does it nevertheless follow that no such increment of area 
can be looked for as would satisfy the larger mass of consumers calculated 
for as likely to be dependent upon wheat in 1911 or 1931 on the scale here 
laid down ? 

I should not, in any statistical investigation into these questions, be 
contented to assume the probability of the exact continuance of previous 
ratios in the rate of production, or that of individual consumption over 
such periods, and my experience of very big averages makes me shy of 
adopting a simple mean of such wide diversities as correctly representing 
the head-rate consumption of wheat. These are points which might be more 
fittingly debated elsewhere. I want to narrow the issue now to the actual 
and more recent course of the wheat-growing surface; for it seems to me 
that the lesson of such figures as we have in the past, and as those of 
Mr. Wood Davis’s tables, is rather one of irregular than of arrested exten- 
sion. The periodical opening up of new areas, very often in advance of 
consumptive requirements of the time, would seem alm»)st invariably to be 
followed by a pause while prices recover from the over-supply, and that 
again by new developments and exploitation in new directions, or by better 
methods on the areas made tributary to the wants of the ever-increasing men. 

We may admit that the course of the wheat acreage from 1870 to 1884 
and thence onward to 1898 showed—first, a material advance outstripping 


. that of population, then an admitted and serious check, with a subsequent 


advance, although one below that of the bread consumers of the world. 

Let me ask, however, if a later view of the wheat area at the disposal 
of the world’s consumers is not well qualified materially to diminish, if 
not to dissipate, the ‘cosmic scare’ which, no doubt contrary to the real 
design of the distinguished chemist who followed Mr. Davis’s estimates, 
was induced by the figures of 1898. My own comparison of the later 
growth of acreage covers only the decade from 1897 to 1907, or as nearly 
to these years as figures permit, and in the form I originally designed it 
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might bring into view something under 230,000,000 acres as the world’s 
present extent of wheat-field. But, to place matters on a more comparative 
level, I am willing to omit the large Indian totals and some few of the 
distant regions which, partly on account of the somewhat uncertain identity 
of the areas they include at different dates, and partly on account of their 
relatively smal! contribution to the bread of the Western world, do not find 
a place in the estimates with which I am now making a comparison. For 
the leading groups of other areas the figures stand in millions of acres to 
a single decimal :— 


| Groups 1897 1907 Increase in 10 years | 

Russian Empire . . . .| 466 595 | 12-9 | 

| United States. sno sok pele + irene 452 | 57 | 

| Three chief European Wheat States 37 6 398 2:2 | 
| The Rest of Europe 5 ; 20°8 21-4 6 
| Argentina and Uruguay. 3 : 67 150 | 83 
Canada . : F . . : 30 GrGis- 4 36 
Australasia. - : ; . 5:0 60-4 1:0 
34:3 


| Potalits te ela itech Lee 193-5 


Now, whatever be the estimated increase in wheat-eating populatiun 
between these two dates, it cannot in the aggregate be 214 per cent., as is the 
growth of the wheat surface in these States. Nor will the result be materially 
affected if allowance were to be made for the three or four million acres repre- 
sented by the exports of unnamed States in this table, or even by the inclusion 
of any minor units of wheat-growing, such as Portugal, or Greece, or 
Switzerland, for which Mr. Wood Davis estimated from sources not recog- 
nised in our official statistics, their totals being well under a single million 
acres, and the variation, if any, probably insignificant. 

If, therefore, the growth of men outstripped the growth of wheat, as 
we have been warned was the case between 1884 and 1897, the growth of 
wheatfields has been well over the rate of population increase since that 
exceptional period, just as it was in the still earlier period between 1871 
and 1884. Nor is the check to the rye acreage and its decline by 4 per cent., 
which seemed to have happened concurrently with the wheat check between 
1884-1897, continuing; for that, in the aggregate, seems to have returned 
to, though it has not perhaps much exceeded, the older level. 

Comparisons at single terminal points have always a danger which 
may be avoided by examining more carefully the leading facts year by year. 
On the diagram which I introduce here I have tried, therefore, roughly to 
sketch the curves which indicate the growth of wheat acreage, both before and 
since 1898, in Russia, the United States, Argentina, Australia, and Canada, 
as typical of the exporting centres, while the acreage in France and 
Hungary has been added for comparison. The effect is, I think, to bring 
out the very much greater extension which has been going on during the 
last decade than could well have been locked for on the basis of the 1884-97 
figures. 

For the Russian Empire as a whole data are available only since 
1895, but I have shown by a separate and steadily mounting line the wheat 
area of the fifty governments of Huropean Russia, which are comparative 
for the entire period, and the latter are quite sufficient to establish my 
conclusion. There is, too, a suggestiveness about the course of prices (in 
shillings per quarter) in England, the chief recipient of wheat exports, 
which I have traced by a separate curve across this diagram. This may 


CHAIRMAN’S ADDRESS. 689 


perhaps aid those who are disposed to make a closer study of the figures. 
That study may not improbably suggest that in the very latest years—for I 
have carried the diagram to 1908 where I can—we may be once again 
nearing another check, or temporary halt, in the course of wheat extension, 
such as that which puzzled inquirers more than ten years ago, but which 
proved only a pause in the task of finding all the bread the consumers 
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wanted under the stimulus of better prices. The further leap of prices in 
1909 to beyond the 40s. limit in England may effectively encourage extension. 

The exceptional arrest of wheat-growing in the United States between 
the years 1880-1896, when—if we may accept the official statistics as actually 
representing fact—the rapid rise, which actually doubled the wheat acreage 
between 1870 to 1880, stopped altogether, was, I believe, the preponderating 
factor which suggested a general halt in wheat-growing. It should therefore 
be looked at more closely, and to get rid of the danger of attaching too much 

1909. YY 
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Acreage of Wheat in million acres. 


| osseiat United H Argen- | A lig nk 
| Russian , in EKuro- nited | un- | Argen- | Aus- | Can- | whic 
Year | Empire | pean | States — Erempey gary | tina tralasia ada in 
| Russia | | N-W. 
1884) <== 28:9 B96 ile 17:4: 2) 68 0°6 3:8 | 24 = 
1885 = = 34:94) 17:2. 16:8 = — = aoe 
1886 = = 36:8 172 | 5:8 = — = = 
1887 a = 37°6 17:2) |) 73 — = = =e 
1888 = 306 37:3 17-2 = = = = == 
196 |e a6 38:1 he Se 38 | eat ae 
1890 ee == 361 17-4 = = 3:7 2s = 
1891 = == 39°9 14:2 79 — 34 | 27 — 
1892 oe 326 | 386 | 17:3 | 81 3:3 37 == 
1893 = 32-4 34-4 175 | 86 == || 140 hs 2a = 
1894 | 41°6 329 | 34:9 17237 |8'5 le) == LO == == 
1895 | 42:2 31:9 34:0 173 | 83 | 51 | 36 == = 
1896 | 45:9 34:8 34:6 17-0) 48°33) A= AO = se 
1897 | 46:7 356 | 38:5 163 | 7:4 Se aa == < 
1898 | 47:0 360 | 441 | 172 | 82 =e b] fo = = 
1899 | 49:7 380 | 446 | 171 | 84 | — | 59 = = 
1900 | 52:3 400 | 42:5 170 | 88 = C:Or er 125 
1901 | 54:3 4-9 | 49:9 168 | 89 | 83 | 56 4:2 = 
1902 | 55-1 426 | 462 162 | 89 3 a | 
1903 57-2 43:8 | 49°5 160 | 9:2 pile tere == = 
1904 | 59-2 456 | 44-1 HET ool If LOT | eb:85 es) a == 
1905 | 62:2 481 | 47-9 16°1 92 121 | 65 236 
1906 636 490 | 47°3 16°1 95 | 140 | 63 =e Il 
1907 | 60:0 45:5 45-2 16:3 |...8:6.9j PAST bee 61 = 
19098 — = 47-6 16:1 85 | 142 | 56 | 66 56 


importance to the data of single years, the quinquennial average movement 
in the States over the whole of the last forty years may be summarised as 


under :— 


Five-year Periods , Acreage in U.S.A. Distinctive Wheat Acreage Levels 
acres 

1868-72 19,500,000 : . 

1873-77 25,500,000 \ Extending rapidly up to 1880 

1878-82 35,500,000 ; 

1883-87 37,000,000 Nearly stationary from 1880 to 1896 

1888-92 38,000,000 

1893-97 35,500,000 Again extending to maxima reached in 
1898-1902 45,500,000 1901 and 19038, with a later slight 
1903-1907 46,800,000 decline in the latest years 


Population in the States has, of course, augmented steadily all over the 
forty years, from 37,000,000 to 86,000,000, yet all through the stationary 
years, as well as those of advancing acreage, exports of wheat and flour con- 
tinued—as much as a third of the crop being shipped abroad in some years— 
and the transfer of the wheat lands north-westward in the States was 
doubtless the striking feature of the recovery. Rightly to understand the 
revolution in the wheat-growing of certain States of the Union would 
require a treatise for which time could not be given here. 

Let me, however, recur again to the general position. In the table already 
given for the past decade the latest increase to be accounted for is 34,000,000 
acres. I ask you to note that the Russian quota forms more than a third of 
the whole. Now it was Russia that was in a very special degree the subject 
of unfavourable remark in the wheat problem controversy of ten years ago. 
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She was spoken of, I remember, as having reduced her consumption of 
bread by 14 per cent., and only by this means continuing her exports in 
defiance of her true needs, and contributing to the rest of the world there- 
fore a merely provisional and precarious excess. I am not aware how the 
calculation here alluded to had been arrived at, nor have statisticians 
perhaps a very robust faith in the estimated numbers of the Russian popula- 
tion before the great census of 1897, but the subsequent history of her 
apparent wheat surplus is interesting. __ 

The exports of wheat from Russia, which we were warned could not con- 
tinue, and which had doubtless been unusually large between 1893 and 1898, 
shrank for three years after that date as if they would realise the prophecy 
which would relegate Russia from the ranks of exporters to the task of 
feeding her own population. But that mysterious empire has since then 
resumed her large supplies, and from 1902 to 1906 the exports ranged higher 
than before. Although forming only 24 per cent. of her estimated wheat 
crop, Russia’s exports averaged 141,000,000 bushels over the first five years 
of this century, against 104,000,000 bushels over the whole preceding 
fifteen years. Quite lately we seem to see some restriction, but the history 
of the trade forbids a confident opinion that she has reached the end of 
her contributions to other lands. 

So far as the areas under wheat are recorded, the Russian agriculturist 
keeps on extending his industry, and, low as the yields may frequently be, 
they are tending upward under, it may be presumed, some reform of the 
very primitive conditions of production. Within the fifty governments of 
European Russia alone, and omitting the Polish or Caucasian figures, 
which do not go so far back, the average area of 29,000,000 acres only in the 
"eighties became 40,000,000 at the close of the century, rising to a maximum 
of 49,000,000 acres in 1906, a point from which a decline was shown in 
1907 to 45,600,000 acres. This, however, even taking the latest and lower 
figure, is an advance of 10,000,000 acres in the last decade, or nearly 30 per 
cent.—surely considerably in advance of even the Russian growth of popula- 
tion, great as that is. 

It has, I think, not been sufficiently realised that in the two decades 
stretching from 1887 to 1906, European Russia has added 1,000,000 acres of 
wheat per annum. This is not only a 70 per cent. advance in twenty years, 
but it is double the absolute area of 10,000,000 acres which the United States 
added in this interval. From such official estimates as are furnished, the 
total produce of these fifty governments, where alone the figures are con- 
tinuous, increased in a still higher ratio. The average production, which 
did not exceed 180,000,000 bushels in the five years before 1879, or 226,000,000 
bushels in the quinquennium ending 1889, reached what appears to have 
been a maximum in 1904, and was averaged at 415,000,000 bushels for the 
whole five years’ period then ending. If the later years are again at a lower 
level, they represent very nearly double the produce before 1879. The yield 
per acre, which stood below eight bushels to the acre between 1883 and 1892, 
averaged nine bushels over the next ten years, and has been 10°9, 10°4, and 
11°4 bushels respectively in the three seasons ending 1904. In the south- 
western region, where the yield was just over eleven bushels in the decade 
ending 1892, it seems to have averaged fifteen in the ten years ending 1902, 
while over eighteen and nineteen bushels were reported in 1903-1904. 

These figures omit the Polish, Caucasian, and Asiatic districts, for 
which a much smaller retrospect is possible. The acreage in Poland is 
small—little over a million—and nearly constant in extent. But the wheat 
of Northern Caucasia, first accounted for in 1894, has risen from 5,600,000 
acres to 8,300,000 in 1906, and the Siberian totals, after increasing, appa- 
rently but slightly, from 3,400,000 acres in 1895 to 4,800,000 acres at the 
close of the century, do not seem much to exceed 5,000,000 acres now. 
Russian wheat production does not therefore seem a wholly arrested process. 

yy2 
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I own I was hardly prepared for this old nation’s progress in wheat- 
growing, and I have no doubt that I shall be told that Russia has been 
exchanging one form of bread corn for another ; in particular, that depend- 
ence on rye has decreased as production of wheat has grown. There is some 
truth undoubtedly in this, for the comparatively stationary character of 
the rye area indicates that the Russian people, increasing as they are and 
continuing still an export of rye to Germany and elsewhere, may themselves 
eat somewhat more wheat and rather less rye, and it is true also that a 
fluctuating record has attended the surface under the coarser and larger 
cereal crop. Its ‘low-water’ point—61,900,000 acres—occurs in 1893, 
while its present figure is 66,000,000 acres. Relatively, therefore, while the 
rye shows no progress such as wheat, it cannot be said that the rye area has 
been utilised for the more valuable cereal, and the fact remains that there 
is more rye grown to-day, even in European Russia, than at any date since 
the last decade of last century began. Relatively to population, the avail- 
able data show, the aggregate crops of wheat and rye together, in Russia as 
a whole, are materially greater than before. 

Inquiry shows that the wheat extension in Russia has been made possible 
by an actual addition to the arable land, and not by deduction from other 
crops. A recent investigation quoted by a competent American authority 
informs us that some 23,000,000 acres of new arable land has been accounted 
for between 1881 and 1904, and, moreover, that a greater surface of this 
nominally arable area is now actually under cultivation than at the earlier 
date. These figures stand :— 


Rye | 


| Year | Total Arable Land | Under Crop Wheat | 
acres / acres acres | acres 
1881 | 288,000,000 | 174,600,000 28,900,000 64,600,000 
1904 | 310,700,000 205,900,000 45,600,000 | 65,600,000 


It will be noted that this inquiry ends a year or two since, but had it 
been continued to 1906 the comparison would have been accentuated, and, 
as it stands, the additional area cropped in one way or another exceeds 
31,000,000 acres. 

In Mr. Wood Davis’s later memorandum he combats the idea that the 
expected wheat crops from four relatively new areas of production—Siberia, 
Argentina, Australasia, and Canada—would meet the shortage he found 
threatened by his estimate. Not unnaturally he regarded an 8,100,000 addi- 
tion of acres in these four regions in fifteen years as a very insufficient and 
unpromising quota to feed over ten times that number of new bread-eaters 
on the globe between 1883-4 and 1898-9. 

Assuming he rightly gave the increment of wheat between these dates as 
under, if I add to his table the latest data that I have, these new and 
gradually opening areas will show a rate of progress much greater in the 
nine succeeding years than before, even if there was no further increase in 
Siberia ; for as to the areas to be included there I am certain. The figures I 
give in millions of acres :— 


| . 

s 1888-84 | 1898-99 Fifteen years 1907-08 uae gee | 
| «Nh eae 5 oe A «| fae a) east pel EE Oeste ft | 
| siteund bien. 2-0 Saa0") 13 . 3°3 alae 
| Argentina.  . 1-4 cil 4-7 Das") des Alin 

Australasia. 3-2 45 | 1:3 yi BH Ooh aielieersel 
Canada. 2-4 32 | ‘8 I) 6:0. sid aaa 
Total. |) 90 | ata | 821 olf. 29°7 veal ee 
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In the forecasts offered ten years ago Argentina as a wheat-grower was 
given a dozen years from 1898 to reach a possible acreage of 12,000,000 acres. 
She has reached that figure and passed it in less than a decade, and later 
current official estimates seem to concede to that region a close approxima- 
tion to 15,000,000 acres to-day. As the actual pace here has bettered so 
considerably that prophesied, one may legitimately question the further 
limitations which allowed to Argentina no prospect of ever reaching a 
wheat area of 30,000,000 acres at any time. That these prophecies by no 
means coincide with later and probably quite similarly vague forecasts in the 
other direction goes without saying. In a recent official publication by the 
U.S.A. Government containing the report of an expert on the resources of 
Argentina and her farming methods, the competitive prospects of the great 
grain-exporting Republic of the South were scarcely so lightly treated. 
For my own part I rather agree with an officer of the Argentine Govern- 
ment there quoted (Sefior Tidblom), who candidly admits that it was 
impossible with any accuracy to forecast the ultimate wheat area of Argen- 
tina, although I observe he adds that there were “more than 80,000,000 acres 
in the Republic that could be immediately devoted to successful wheat- 
farming if we had the farmers to do it.’ I have seen, though I could not 
accept, even more sanguine estimates in other quarters, which, with a yield 
of only ten bushels per acre, promised a crop of 1,238,000,000 bushels at 
some future date, and would involve an area of wheat land approaching 
124,000,000 acres. 

No one, I think, can note the strides which Argentina has taken in 
rapidly augmenting her wheat areas and exports, and that concurrently 
with the commanding place she is assuming as a meat rearer and exporter 
to the older peoples of Europe, without some recognition that a great future 
is possible. On the other hand, apart from climatic conditions, the future 
must be largely governed by the factor of population ; and the nature of tha 
Italian immigrants, their mode of culture, their non-intention in many 
instances to remain and own the land or identify themselves with the 
country—preferring to exploit one farm after another and reside on them 
until they make a small competence wherewith to return to Europe—are all 
yeasons against the extremely favourable prospects which I have here 
adyerted to. 

Small relatively to the great extent of surface included in the Common- 
wealth of Australia is the proportion under wheat, but the Commonwealth 
is none the less as a rule an exporter. A little more than thirty years ago 
only about 1,400,000 acres were grown. This seems to have been a g 
deal more than doubled in the five years 1876-81, when a much smaller 
rate of increase followed for fifteen years—a check apparently reflecting the 
same tendency to arrest which we have seen so typically illustrated in the 
United States. Again, after 1896, just as in the great Western Republic, 
wheat-growing became again in favour, and the rapid spurt which followed 
brought the Commonwealth total to 5,700,000 acres as the century closed. 
Thereafter the rate of growth seemed checked anew, and after passing 
a maximum of just under 6,300,000 acres, it stands to-day under 6,000,000 
acres. Twice during the last twenty years has Australia shown on 
balance a net importation of wheat, but from 1903 to 1907 the quantity 
exported has averaged 36,000,000 bushels, and it is not without interest to 
observe that the Australian exports of the present century have not all been 
consumed in Britain—South Africa, the western coasts of South America, 
and even some parts of India sharing in the surplus product of the 
/Antipodean Continent. 

The conditions and the future of Australian wheat have been quite 
recently dealt with in an interesting paper by Mr. A. E. Humphreys, read 
before the Society of Arts in London. It is here pointed out that the soils 
on which it is grown are rich in assimilable nitrogen, requiring little 
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manurial expenditure in that direction, but poor in their percentage of 
phosphoric acid, while the climatic conditions as regards moisture have 
proved remarkably difficult. Efforts have been made, and apparently, if 
recent experiences be confirmed, with success, to breed new varieties of the 
wheat plant adapted to the peculiar climatic conditions of Australia and 
likely to increase the low average yields hitherto obtained. It is obvious 
that under Australian conditions the breeding of varieties of the wheat 
plant which will thrive on a low rainfall would make all the difference to 
Australia as a source of wheat exports. From 1902-1907 the Australian 
average yield was only half that of Manitoba, or nine bushels per acre; 
but this included one year of disastrous drought (1902-1903), wherein the 
Commonwealth average fell below two and a half bushels to the acre. In 
New South Wales and Victoria, wherein more than half the acreage lay, 
it was even below this, according to the official figures. Such instances 
offer the strongest evidence that could be offered of the extreme variability 
of Australian conditions, and make one almost hesitate to quote Mr. 
Humphreys’ own cheerful estimate that in the State of New South Wales 
alone, wherein nearly a third of the Australian acreage is found to-day, or 
1,886,000 acres, there was a possible area of good wheat land of nearly 
ten times this, or 18,000,000 acres. 

To the last I have left another sphere of wheat extension, and one that 
will be most of all familiar to my audience. Yet here again the forecast of 
the Canadian future made in 1898 was surely unduly pessimistic. The 
opinion then quoted by Sir William Crookes as that of trustworthy autho- 
tities assigned to the Dominion a bare total of 6,000,000 acres under wheat 
as all that could be expected to be reached within a dozen years. That 
period has not yet fully come, but I observe that by December 31, 1908, the 
official figures show an acreage as reached within the decade which exceeds 
by 10 per cent. the maximum allotted to 1910. If I were to add the figure 
now ascertained for the 1909 crop, a total of 7,750,000 acres is now reckoned 
upon, so that here again the forecast has been outstripped. The further 
proposal to estimate the maximum of the Canadian potential capacity for 
wheat production by 1923 at no more than 12,000,000 acres will therefore, I 
imagine, meet severe critics in Winnipeg to-day. 

I greatly wish that our contribution to the knowledge of the economic 
future of Canadian development may be, as the result of discussions here, 
some approach to an agreement to avoid all exaggeration on the one hand 
or on the other in these forecasts of future wheat-growing in the North- 
West ; but I am very conscious of the risk of all far-reaching prophecy in a 
problem where the more or less uncertain growth of the immigrant popula- 
tion plays as great a part as the soil or the climate. 

Sir William Crookes, in endorsing the most modest estimates of the 
capacity of this region, mentions that he had before him calculations which, 
I think most of us will agree, were, to say the least, exaggerated in an 
opposite direction, attributing to Canada 500,000,000 acres of profitably 
utilisable wheat land. Against such inflated prophecies he argued that the 
whole area employed in both temperate zones of the world for growing all 
the staple food-crops was not more than 580,000,000 acres, and that in no 
country had more than nine per cent. of the area been devoted to wheat 
culture. But error of estimate in one direction or another is quite inevit- 
able when the available data on which to form a conclusion are so scanty. 
Replying later to journalistic criticism, Sir William, it must be remem- 
bered, acknowledged the undoubted fertility of portions of the North-West 
provinces ; but, basing the conclusion on official meteorological statistics 
and on supplementary data supplied by Mr. Wood Davis as to the July 
and August temperatures of these regions, he suggested that ‘ from one-half 
to one-third only’ of Manitoba—the south-west portion already fully 
occupied—was adapted to wheat. It was doubtless in the light of these 
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climatic records that he inclined to regard 200,000 square miles of the whole 
300,000 square miles comprising Assiniboia, Alberta, and Saskatchewan, 
as these regions were then defined, as lying ‘ outside the districts of profitable 
wheat-growing,’ while even of the remainder it was apparently suggested 
that it would take thirty years from 1898 to place as much as 18,000,000 acres 
under all grain crops. Can we here to-day, with another ten years’ experi- 
ence, reach a somewhat greater accuracy in this search into the possibilities 
before us ? 

As illustrating the remarkable discordance of view hitherto existing, it is 
well to have before us, as a starting point for debate, some specimens of later 
but still most widely varying estimates of the capabilities of this country. 
These I quote from the cautious report rendered by Professor Mavor to the 

- British Board of Trade in 1904, midway through the decade now closing. 
More or less speculative as it is fully acknowledged all estimates must be 
which purport to define the area ‘ physically or economically susceptible of 
wheat production,’ that painstaking investigator set aside, as of little value, 
hypothetical curves setting forth the ‘ northern limit of cereal production,’ 
reliable data for which ‘ were not forthcoming, and if they were they would 
be constantly changing.’ After enumerating under fourteen different heads 
and sub-heads a formidable list of distinct but materially qualifying ‘ con- 
ditions’ or factors covering questions of soil, of temperature, and meteoro- 
logy, of moisture, sunshine, and acclimatisation of the plant, Professor 
Mavor suggests that, broadly speaking, the cleavage of the areas of different 
fertility runs obliquely from south-east to north-west through the great 
quadrilateral of the Canadian North-West. Alike in the north-eastern 
and in the south-western angle the conditions seemed to him more or less 
unfavourable. The south-eastern and north-western corners and the belt 
connecting them, however, presented relatively favourable conditions; av 
exception qualifying this sub-division was, however, suggested in the extrem 
north-west. 

The vagueness of the statistical basis on which any numerical estimate 
of future wheat areas must rest cannot better be shown than by briefly refer- 
ring to the results of five independent estimates which are quoted in this 
report. For the details of these estimates it is necessary to refer any student 
of the report to the analysis of each, differing as they do materially in 
their methods and in the classification of the areas comprised within the 
Manitoba, Assiniboia, Saskatchewan, and Alberta of that date. As regards 
the total area for settlement and for annual wheat-growing respectively, 
the first three of these estimates varied in placing the surface fit for settle- 
ment or susceptible of cultivation as low as 92,000,000 acres, and as high 
as 171,000,000, the annual surface available for wheat in these districts 
ranging from 13,750,000 acres to 42,750,000 acres, and the resultant possible 
produce from 254,000,000 bushels to 812,000,000 bushels. 

It should be added, to make these figures clear, that all the estimators 
quoted assume as a condition precedent to their accomplishment such an 
influx of population and settlement of the country as would be adequate to 
secure the cultivation of the hypothetical cultivable area. 

With Professor Mavor, we may think that both the lower estimates are 
over-cautious and the third perhaps over-sanguine, while most properly he 
reminds us that beyond the physical capacity of any region, the question of 
economic advantage remains to be solved, under what may be conditions 
prevalent at a distant time, what effect a rise of price might have, and 
whether the farmers of the future would devote so much of their land as is 
here suggested, and so much of their working capital, to wheat alone. I 
ought to add that a fourth estimate referred to in the report takes the 
graphic form of a map, distinguishing the suggested area where the wheat 
crop is certain, where less certainty exists from the effect of summer frosts, 
and where, again, the crop is uncertain from insufficient moisture. Yet 
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another estimate was quoted as made in 1892, but endorsed as not over- 
stating possibilities of the future in July 1904, and this classified somewhat 
more than half of the land of Manitoba as ‘ land suitable for farming,’ or 
23,000,000 acres, allotting to the rest of the North-West 52,000,000 acres 
more, or in all 75,000,000 acres. The same estimator, forecasting the results 
for 1912 (or three years from the present time), allotted to Manitoba a 
probable wheat production of 168,340,000 bushels, and to Alberta, Assiniboia, 
and Saskatchewan 181,600,000 bushels. This crop of 350,000,000 bushels 
of wheat was in addition to an estimate of a further 200,000,000 bushels of 
oats and 50,000,000 bushels of barley. I have little hesitation in concluding, 
with Professor Mavor, that such widely divergent results, arrived at, as we 
are told, by competent estimators, illustrated the impossibility at the time 
of that report of setting out precise limits of cultivation in a region in which 
so much has yet to be done. To-day I would ask, Has the lapse of another 
quinquennium, full of interesting movements in both the population and 
the crops of the North-West, enabled us to reach any greater certainty ? 
If so, the opportunity of this meeting affords an occasion to submit the 
conclusions, optimistic or pessimistic, practical or theoretical, economic or 
scientific, to the test of friendly and thorough discussion. 

It is a relief to turn from the perplexing variety of these speculations 
as to the future to the relatively more solid ground afforded by the actual 
records of wheat extension here. If the progress of the past, and here once 
again more especially of the very latest decade, is to govern the prospect of 
the years to come, the wheat area of Canada must still possess a great 
expansive power. 

There are defects of continuous statistics showing from year to 
year the total acreage of the Dominion, although the recent good work of 
the Census and Statistics Office promises that this will henceforth be 
remedied. But outside of the three great wheat-growing sections—Ontario, 
Manitoba, and the North-West—the surface under this cereal is not 
material. By the latest figures available the four Eastern Provinces do not 
now grow 170,000 acres collectively, while the small surface in British 
Columbia, not appearing in the last general Bulletin, was only 15,000 acres 
at the last census. In the roughly sketched diagram I insert here, therefore, 
the course of wheat-growing on 97 per cent. of the 6,611,000 acres accounted 
for in 1908 may be conveniently, if only approximately, traced. 

The decline in Ontario, where, as in other older settlements, wheat-growing 
shrinks as more diversified forms of agriculture evolve, is much more than 
compensated for when the acreage of Manitoba, and in later years the 
rest of the North-West, is superadded, as in the columns of this diagram, 
and the rapidity of the recent extension, which—had the 1909 figures reached 
my hands sooner would have carried the total area far beyond the seven 
million limit—testifies to the energy in the task of bread-raising which this 
hopeful section of the British Empire displays.’ 

But whatever determinations we can reach on the hypothetical ques- 
tions here propounded, whether we may regard the greater rate of wheat- 
field extension in the world at large, which has marked the last decade, as 
disposing of immediate alarm for the bread supply of the next generation, 
or whether we find in the recent whisper of augmenting prices corroboration 
of the gain of population on subsistence, it is clear that our statistical 
records require a further development and a much improved continuity, 


* Were the preliminary estimates for 1909 taken into account, the total acreage 
would have been given as 7,750,000 acres—a rise of 1,139,000 acres in the latest 
twelve months. This is indeed the net result, for the West has added 1,402,000 
acres—of which 1,289,000 were in Saskatchewan and 113,000 in Alberta—while 
there are declines in the East and in Ontario of an almost exact equivalent of the 


last-quoted figure, or 114,000 acres, and likewise a reduction of as much aa 
149,000 acres in Manitoba since 1908. 
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especially in the new regions of the wheat supply of the future. Nor 
yet, again, can we dispense with the urgent lesson that science has much 
to teach us in making more use than we do of the areas acknowledged 
to be under more or less rudimentary cultivation. If Sir William Crookes 
was right in adopting the American statistician’s average of 12-7 bushels 
per acre as the mean of the recognisable wheat-fields of the world, the 
prospect of the extra seven bushels he sought as immediately desirable will 
make us eager to learn the very latest triumphs of the laboratory in 
winning for the soil a freer measure of the nitrogen of the air. Even here in 
Manitoba, where a much higher yield seems on the average to be main- 
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tained under existing conditions, and where the cultivators with their 
18 bushels average start from a vastly higher level, the promise of such a 
scientific ally should gladden the hearts of the hard-working pioneer. 

One caution, however, I feel it my duty to give, as a practical rather 
than a scientific agriculturist. Whatever wonders are offered in the way of 
manurial adjuncts or mechanical contrivances, do not let our advisers over- 
look the paramount consideration of the cost which the newer systems may 
involve. For the extensive farming of a young country it is above all 
requisite to remember that expensive methods of cultivation are not as 
feasible as in the intensive husbandry of old settled regions. Hopefully as 
we may wait on the chemists’s help, I confess that, for my own part, I 
incline still more confidently to the botanist, under whose eegis of protection 
agriculture has this year been placed by the decision of the authorities, 
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The producer of new and prolific and yet disease-resisting and frost-defying 
breeds of wheat plants is to-day more than ever encouraged by what has been 
done in many lands of late in this direction, to suit the crop to its environ- 
ment, Nothing could be a greater boon to the wheat farmers, handicapped 
by a short and irregular supply of summer warmth, and the occasional but 
often untimely invasion of the frost fiend, than the production of varieties 
of wheat at once prolific and early ripening, and suited to the relatively 
scanty moisture of semi-arid regions. What success Canadian investigators, 
with their renowned experimental system, have had in this direction we 
hope to hear at Winnipeg, while some of us who have listened to Professor 
Biffen, of the Agricultural Department of Cambridge University, look 
for hopeful results from the application of Mendelian laws to the breeding 
of wheat. 

In closing, let me add that though it is a quarter of a century since I 
last was here, the message I gave local agriculturists then is one I am 
tempted to repeat now. It is no use to treat the vast territories you have at 
your disposal as if they were a mere wheat mine to be exploited in all haste 
and without regard to its permanence and its future profitable development. 
It is unwise to proceed as if bread were the only item of food requiring 
attention at your hands, and to regard a spasmodic rush of grain for 
a limited number of years from a poorly tilled surface as the only way to 
profitable returns. The stale maxim of not carrying all your eggs in one 
basket has a very profound truth to rest upon. The farming of the future 
must ultimately be one of more careful tillage, more scientific rotations, 
and of consideration for the changes in the grouping of population and 
in the world-wide conditions of man and his varying wants. What is 
going on all over the world has to be learned and studied well, and wheat 
pioneers of the North-West must not forget the possibility of yet new 
competitors arising in the single task of wheat-growing, whether they are 
to be looked for in the still developing sections of the Russian Empire 
and the still open levels of Argentina, the little known regions of Man- 
churia, the basin of the Tigris and Euphrates, the more completely irri- 
gated plains of India, the tablelands of Central Africa, or perhaps under 
new conditions and a more developed control of the reserves of water supply 
on the southern shores of the Mediterranean or even in the long tilled valley 
of the Nile. 


The following Papers were then read :— 


1. Methods of Crop-reporting in Different Countries. 
By E. W. Goprrey. 


2. Moisture Studies of Semi-Arid Soils. By F. J. Auway, B.A., Ph.D. 


As the result of field and laboratory studies of soils from widely separated 
points in the semi-arid region of summer rains in North America, the 
author concludes that generalisations previously shown to apply to studies 
of soil moisture in Saskatchewan* apply also to the whole of the semi- 
arid region of summer rainfall from the Saskatchewan River on the 
north to the Mexican boundary on the south. The generalisations are :— 

1. The determination of the ‘ hygroscopic coefficient ’ of the soils is, in 
many cases, indispensable for the intelligent interpretation of the moisture 
data, and is in all cases important. 

2..The depth to which samples should be taken should extend at least as 


1 J. Agric. Science, vol. ii, p. 333. 
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far as the plants develop roots freely, or as far as the moisture descends from 
the surface. This depth can in most cases be approximately determined 
by a field examination of the soil. 

3. The field notes of an investigator, based upon the appearance of the 
soil as removed by a soil auger often gives a more reliable indication of the 
moisture conditions than do the subsequent drying and weighing of samples, 
unless the hygroscopic co-efficient also be determined. In all cases the field 
notes are of value. 

4. Conclusions based upon the moisture data when samples have not 
been taken to a sufficient depth, or when only the total water content of 
the soil is given, unaccompanied by determinations of the hygroscopic co- 
efficient or by the field observations, are certain to be in many cases entirely 
incorrect. 

The data in support of these conclusions is drawn chiefly from western 
Nebraska, north-western Texas, central New Mexico, and south-eastern 
Arizona. The extremes of climate are herewith shown :— 

Ay. mean temp. for 5 mos. 

Ay. annual precip. May to Sept. Novy. to Mar. 
Douglas, Arizona : 5 A 10°5 ins. 76° 72 
Indian Head, Saskatchewa‘ , 166 ,, 62° 12° 


Soils of this region are, with a few exceptions, characterised by their 
ability to be reduced by the native vegetation and by many annual crop 
plants to a characteristic, easily recognised, dry condition. This state of 
dryness seems the normal condition in the more southerly regions, while in 
the north it may be found only at the time of the maturing of the plants. 
This property facilitates, in most places, the ready recognition of the 
moisture condition by a mere field examination with a soil auger. 

A greenhouse experiment in imitation of the growth of wheat on 
fallowed ground was described. Semi-arid soil in 6-foot cylinders was 
saturated with water, thoroughly drained, and then planted with Red Fife 
wheat. No more water was added. The plants developed normally, ripen- 
ing seed after 132 days. Photographs of the plants and tables showing 
moisture conditions were exhibited. 


Joint Meeting with Section F. 
The following Papers were read :— 


1. Agricultural Development in the North-West of Canada, 1905 until 
1909. By Professor James Mavor.—See Reports, p. 209. 


2. The Development of Wheat Culture in North America. 
By Professor A. P. BriaHam.—See Reports, p. 230. 


FRIDAY, AUGUST 27. 
The following Papers were read :— 


1. Some Economic Aspects of the Western Cattle Trade. 
By Dr. J. G. RuTHERFORD. 


The methods of cattle production in the Canadian West are rapidly 
undergoing change, due to the rapid inrush of settlement and consequent 
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cultivation of the lands hitherto devoted to ranching. The latter industry 
is quickly disappearing, and though it may exist for some time in the more 
arid districts and in the Peace River country, it is bound to give way, 
eyentually, before the settler. 

The history of the Canadian range from 1879 to the present day shows 
the rapid development of the cattle industry ; various difficulties and draw- 
backs have been experienced from time to time and there has been a 
deterioration in the class of cattle. astern stockers, and latterly Mexican 
cattle, have been intyoduced. 

The Federal Government has improved the standard of production by 
encouraging the sales of pure-bred bulls. 

The trade as now conducted is capable of much improvement. The 
methods of marketing cattle, especially those for export, are wasteful, 
unbusinesslike, and unprofitable to the producer. Grass-fed cattle, wild 
and soft, suffer much, and shrink badly, on the long railway journey to 
the sea-board. Conditions on Canadian cattle steamers are capable of 
being greatly improved. Business, badly conducted as it is, is profitable to 
the dealers, commission men, and railway and steamship companies, but 
unprofitable to the producer and to the country. It is advisable to finish 
our Western range cattle on grain and hay, of which the supply in Western 
Canada is unlimited, also to have better transportation facilities. Definite 
improvement in both these respects is already evident, and should be 
encouraged. 

Development of a dressed meat trade is also necessary and desirable. 
This fact is appreciated by many Western men, but there is great difficulty 
in securing the necessary large capital for such an enterprise. In view of 
the experience of the United States with the Beef Trust it is advisable to 
have some measure of Government control. 

Among the advantages of dead meat trade would be elimination of the 
present unavoidable heavy shrinkage in transport; regular and effective 
competition; steadying of present trade conditions; restoring confidence 
to producers who have hitherto suffered from dealers cutting prices when 
stock are plentiful and easy to obtain. 

It is most important to have an export outlet for meat products in the 
possible event of the appearance in Canada of any of the diseases scheduled 
by the British Board of Agriculture. The United States has many large 
packing-houses fully equipped to handle dead meat, also widely separated 
seaports and railways along the Atlantic coastline. Canada is practically 
without abattoirs equipped for the slaughter of cattle, except for home con- 
sumption, has no refrigerator car system, few ships with the facilities for 
carrying chilled meat, only two winter ports, and railways close together. 
Continuation of the live stock trade is advisable. Canada is most favour- 
ably situated, both geographically and by reason of the exceptionally healthy 
condition of her herds, to carry on a profitable export trade in live cattle. 
There is ample room for both branches ; each would balance the other, and if 
conducted in a businesslike way, both would be profitable to the country. 


2. Some Special Features of the Danish System of Cattle Breeding. 
By Dr. P. A. Morxesera. 


Denmark, mainly an agricultural country, which formerly grew corn for 
export and raised very little cattle, began to turn its attention to dairy 
farming after the middle of last century. With the introduction of the 
centrifugal cream-separator and the building of co-operative dairy factories 
all over the country in the ’eighties, the system of dairy farming spread to 
even the smallest farms. The question of improving the two national 
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milking breeds, the black and white Jutland and the red Danish dairy cattle, 
became important and of interest to almost all farmers. 

The work of improving cattle breeding in Denmark being, as explained, 
of fairly recent date, has been gradually developed in two quite distinct 
directions. Some features cf the work aim at encouraging breeders to 
develop herds possessing the most valuable qualities of the breed, while 
other features aim at the better utilisation of the breeding animals from 
these superior herds for the improvement of the cattle breeding in general. 

For the first purpose cattle shows and ‘selection of breeding centres’ 
haye been found useful, while Cattle Breeders’ Associations and Control 
Unions have helped in the other direction. 

Cattle shows began about the middle of last century. At first all breeds 
and crosses competed together; from the ’sixties there were separate classes 
for the different breeds. 

About the year 1870 the classes for single cows were discontinued and 
prizes offered instead for collections of cows bred by the exhibitor, a feature 
which is still considered very important, the idea being to draw atten- 
tion to the best herds, which can more safely be done when a collection 
and not a single individual is shown. In 1887 the State caused to be held 
special shows for bulls over three years old for the purpose of encouraging 
farmers to keep the good bulls for a longer time. The result has been 
striking, the number of old bulls shown having increased from 371 to over 
1,200. A special Danish feature has been introduced with these shows, viz., 
judging the bulls through their offspring, inasmuch as no prize is awarded 
for bulls over five years old unless their offspring, which must be judged 
before the show, have been found satisfactory. This entails a good deal of 
work, but has been found very useful. 

The judges at shows take into consideration not only the points of the 
exhibited animal but also, in the case of bulls, the pedigree, including 
information of the milk production of the dam, and, in the case of cows, the 
milk production (quantity and quality). 

Selection of breeding centres, in other words a systematic selection of the 
best herds, which then receive an official recognition as ‘ Breeding Centres,’ 
is another special Danish feature introduced in 1884. The herds are entered 
for a competition which is carried on during two whole years by a committee 
of judges who visit the herds on the farms five or six times, while assistants 
on every twentieth day during the two years visit each of the competing 
herds, weigh the milk of each cow, test its percentage of fat, weigh the 
fodder given to each cow, and draw up the family herd book, in which the 
whole herd is arranged according to maternal descent, each animal being 
described with its sire and dam, milk production and prizes. At the end of 
two years’ testing the committee of judges have acquired reliable informa- 
tion as to the value for use and for breeding of the different herds. The best 
herds are then designated as ‘ Breeding Centres,’ with the result that the 
demand is increased for breeding animals from these herds at enhanced 
prices. A full report of the result of the two years’ competition is pub- 
lished. 

The Cattle Breeders’ Association have for their principal aim the 
purchase of a good bull. The first association was formed in 1883. From 
the first these associations paid attention also to the cows and to the health 
of the herds ; they required also accounts kept of the feeding and the yield of 
the individual cows. From 1887 the State gave a yearly grant which helped 
the movement on. There are now 1,300 Cattle Breeders’ Associations with 
1,500 bulls, the State giving 8/. per annum per bull on condition that the 
bulls have taken prizes, that the committee select the best cows of the 
members to be served by the bull, and that the committee at least once a 
year inspect the herds on the farms as to the state of health. 

Much difficulty was experienced in keeping accounts of the food supplied 
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and the yield of the individual cows. The members could not manage 
these, and when in the beginning of the ’nineties information of the 
percentage of fat in the milk was included in the requirements it was 
found necessary to take this whole matter up in a different way. This led 
to the formation of the Control Union of Cow Testing Associations, which 
undertakes to strike a balance sheet for each individual cow that shall 
determine the daily feeding, the weeding out of unprofitable cows, and the 
selection of cows for breeding. Farmers in a district appoint jointly a 
‘controlling assistant,’ who once every fourteen or twenty days visits each 
herd, weighs the milk of each cow, estimates the percentage of fat, weighs 
the food given daily to each cow, and keeps account of it all. He further 
keeps a book of the serving and calving, with all information necessary for 
the family herd book. The first Control Union was formed in 1895; now 
there are 479 with 10,925 members and 187,345 cows, comprising over 
17 per cent. of the total number of cows in the kingdom. The work is 
carried on by 500 controlling assistants, the State giving a grant of 141. per 
union yearly. 

The information with regard to the yield and quality of milk of the 
individual cows collected by the Control Unions is taken into account in 
awarding the prizes at the shows, and is also made use of in selecting the 
cows to be served by the bulls of the Cattle Breeders’ Associations. 


3. The Evolution of a Breed of Cattle. By Professor J. Wison, B.Sc. 


Nearly every breed of cattle is a combination of several breeds: a result of 
crossing again and again and of subsequent ‘pure’ breeding. The modern 
Aberdeen-Angus breed is a case in point. It is the result of perhaps fewer 
crossings than some other breeds ; but the ingredients used in its production 
are so decidedly varied, that a consideration of the way in which it has been 
formed yields the most highly instructive results. 

In addition to the Urus, which became extinct in the Bronze Age, half a 
dozen different kinds of cattle have come to Britain at different times—viz. 
(a) the black Celtic race, which came in before the Urus was extinct ; (b) 
the ‘brown’ race, black with a brown stripe along the back and a tan 
muzzle, which probably came with the Belgze; (c) the white race, brought 
in by the Romans; (d) the red race, brought in by the Anglo-Saxons ; (€) 
the hornless race, brought in by the Norsemen; and (f) the large flecked 
race imported from Holland in the seventeenth and eighteenth centuries. 

When the Norsemen brought over their hornless cattle the rest of Scotland 
was occupied by the black Celtic race, with a considerable infusion of brown 
Belge and a smaller infusion of white Romans. These were all horned. 
In the eighteenth century many large cattle of the Dutch-flecked race were 
taken to the North-East of Scotland and crossed with the small native cattle, 
with the result that the native cattle gradually acquired the size of the 
flecked cattle. All this time the Norse cattle had been holding the sea- 
boards of Forfar, Kincardine, Aberdeen, and Banffshires. In the middle of 
the eighteenth century a demand arose in England for hornless cattle ; and 
to meet this demand the farmers in the North-East of Scotland crossed their 
horned cattle with the Norse hornless ones, with the result that the horns of 
the horned ones were removed. By selecting breeding stock that were black 
in colour, large in size, and hornless, the North-East farmers eliminated the 
undesirable characters of the various races of cattle that had been introduced 
to their country, and eventually produced their present breed. 
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4. The Relationship of Manuring to Meat Production. 
By Professor SomrervituE, D.Sc. * 


It has long been known that a large increase of herbage is secured from 
many classes of grass-land through the use of certain artificial manures, but 
in most cases the effects of the manures have been tested by simply weighing 
the increase secured. Sometimes the investigation has been carried further, 
and the herbage grown with and without manure has been separated into 
its constituent plants, and an attempt has been made to estimate the 
improvement in quality by the increase of such plants as clovers, and the 
suppression of such plants as sorrel and other weeds. Supplementary to 
such a botanical separation the herbage has sometimes been submitted to 
chemical analysis, and an attempt has been made to gauge the feeding value 
by the percentage and absolute weight of proteids, fats, and carbohydrates, 
and by the digestibility of the fibre. All these methods convey useful 
information, but as the ultimate object of producing herbage is to feed 
animals, and as no laboratory method can perfectly interpret the processes 
in an animal’s stomach, it occurred to me that useful information might be 
got by utilising the animals themselves to pass judgment on the results. 

My work has been chiefly confined to experiments on grass-land, and on 
grass-land they have been chiefly concerned with pasture as opposed to hay. 
In the United Kingdom there are some 34,000,000 acres under grass (apart 
from mountain grazings), and, of this, 24,000,000 acres are grazed and 
10,000,000 are cut for hay. Clearly, therefore, the grazed area is of much 
more importance than that which is used for hay. To exclude stock from 
plots on a pasture, and to test the results of applying manures by weighing 
and analysing the herbage, must lead to a fallacious conclusion, for the 
reason that the mere exclusion of the stock encourages one set of plants 
and represses another, and the experiment resolves itself into one not on 
pasture, but on hay. 

In 1896 the county of Northumberland rented a farm (Cockle Park) of 
400 acres, of which I was given the scientific direction. A clay-field of 
uniform character, that had been under pasture of a poor type for many 
years, was divided by fences into ten plots of 3 45 acres each. Three acres 
of each plot have been grazed by sheep each summer for the past thirteen 
years, the herbage of the sub-plot of 4 acre being annually made into hay. 
Specially selected sheep have been used for grazing the plots, the animals 
being individually weighed at the beginning of each season, and monthly 
during the progress of each grazing season. The health of the sheep on the 
comparatively limited grazing area of three acres has been all that could 
be desired, and any individual idiosyncrasies have been eliminated by the 
number of sheep (usually six to twelve) that grazed each plot. The system 
of experiment (‘manuring for mutton’) and the results have attracted a 
large amount of attention, and, aided by the Board of Agriculture, the 
experiments have been repeated, in part or in whole, in several parts of 
England and Scotland. It is only necessary here to call attention to the 
leading results, and chiefly to those obtained during the first nine years, 
the scheme being primarily designed to cover that period. 

Lime has been used in two ways: (1) In two dressings of four tons per acre, 
and (2) in three dressings of half a ton per acre as a supplement to superphos- 
phate. The former system is a very old one and popular with farmers, but 
neither at Cockle Park nor elsewhere have the experimnets shown it to be 
efficacious or profitable. At Cockle Park it only accounted for an average 
annual live-weight increase (which, for short, may be called mutton) of 12 Ibs. 
per acre. Under the second method the ton and a half of lime has produced an 
average annual increase of 22 lbs. of mutton, and has left a small profit, as 
against a large loss in the other case. Basic slag, used in the first year only, at 
the rate of 10 ewt. per acre and a cost of 23s. 6d., has produced an average 
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annual increase of 80 lbs. of mutton. Valuing this at 33d. per lb. and deduct- 
ing the cost of the manure, it means that a single expenditure of 23s. 6d. has 
given a clear annual gain of 22s. dd., or nearly 100 per cent. per annum, and 
even at the end of nine years the effects of the slag are by no means exhausted. 
On an adjoining plot 10 cwt. of basic slag has also been used, 5 cwt. being put 
on the first year and 5 cwt. at the end of the third. This method of treatment 
has produced an average increase of 66 lbs. of mutton, and although the 
profit here has also been large (averaging 18s. per acre per annum), it is 
considerably short of that secured under the other method of using the same 
manure. This result has been confirmed at the other duplicate stations, 
and shows that it is better to stimulate the superior plants by a large initial 
dose of phosphates than to spread the use of the phosphates over a longer 
period. 

When the source of phosphoric acid was superphosphate instead of basic 
slag the cost was considerably greater, and the actual weight of mutton 
produced was distinctly less (57 lbs. per acre per annum, as against 66). The 
annual profit was therefore reduced from 18s. to 14s. 9d. per acre. 

Adding potash to phosphate increased the yield of mutton to the extent 
of just covering the outlay involved. 

When nitrogen in the form of sulphate of ammonia was used the yield 
of hay was increased some 25 per cent., but the annual production of mutton 
was actually reduced from 57 to 54 lbs. per acre per annum. This result 
was also obtained at all the stations, and shows how far mere weighing of 
the herbage may lead one astray. 

Other manurial substances (cake residues and dissolved bones) were also 
tried, but the results of these, being more complicated, need not be discussed. 
Mention may, however, be made of the fact that at Cockle Park at the end 
of the ninth year a further dose of 10 cwt. of basic slag was applied per acre 
to the plot that had received a similar dose nine years previously, and the 
effects were seen in a large increase of mutton in the following years (1906, 
1907, and 1908). This proves that there is little ground for the popular belief 
that grass-land fails to respond to a second application of a phosphatic 
manure. At one of the duplicate stations basic slag was applied to a plot 
in the middle of June, and before the grazing season was over the effects 
were clearly reflected in the growth of the sheep and in the appearance of 
the pasture, In the following year this plot, which had hitherto been the 
worst of the series, became the best. The opinion hitherto held that an 
insoluble phosphate, like basic slag, should be applied some months ahead 
of the growing season, must therefore be revised, equally good results 
following application when the herbage is in vigorous growth. 

These experiments seem to show that probably no crop on the farm offers 
opportunities for more profitable use of artificial manures than poor worn- 
out pasture. 


5. The Development of the Dominion Experimental Farms. 
By Dr. W. Saunpers, C.M.G. 


The author referred briefly to the depressed condition of agriculture which 
prevailed in Canada prior to 1884 and to the appointment by the Parliament 
of a Select Committee to inquire into this subject and to suggest’ remedial 
measures. The report of this committee led to the establishment of Experi- 
mental Farms in Canada, institutions which were to be so managed as to 
conduct experiments in all branches of agriculture and to disseminate the 
information gained in annual reports and bulletins, which were to be widely 
distributed among farmers. 

An Act was passed by the House of Commons in 1886 by which five of these 
farms were established in different parts of the country. The encouragement 
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thus given to agriculture has led to greatly improved conditions. The 
benefits thus conferred on farmers have led to a demand for an increase in the 
number of these institutions, which have been gradually increased to nine 
with four smaller experimental stations. 

The main features in the work carried on at the Central Experimental 
Farm at Ottawa, covering all branches of work relating to agriculture, were 
referred to, also the locations of all the Experimental Farms and stations 
established to the present time and the lines of work which they have con- 
ducted, and those which, from their climatic and other conditions, they are 
specially fitted to conduct in the future. 

Reference was also made to the helpful encouragement which the 
Dominion Experimental Farms have afforded to Canadian agriculture. 


6. Lhe Fruit Industry of British Columbia. By J.C. Mercaure. 


MONDAY, AUGUST 30. 


Joint Discussion with Sections B and K on Wheat. 
See Appendix A, 


TUESDAY, AUGUST 31. 


The following Papers were read :— 


1. The Outlook for Timber Supplies. 
By Professor W. SomErviuue, D.Sc. 


Much attention has recently been given to this subject, and the general 
opinion is that prospects are not reassuring. Britain paid twenty-seven 
millions sterling for wood on the average of the five years 1904-8, as com- 
pared with eighteen millions 1889-93, an increase of 50 per cent. Even 
Germany, with nearly twelve times the area of forest that we possess, pays 
annually some twelve millions sterling for imported timber. Although 
the U.S.A. exports wood and wood-products to the value of twenty millions 
sterling per annum, she has to pay as much for imports. In Europe, Sweden 
and Russia are the chief timber-exporting countries, and it seems unlikely 
that these countries can maintain supplies. Sweden, it is officially stated, 
is over-cutting her forests to the extent of more than 100 million cubic feet 
yearly, while Russia is already reducing her exports. In various official 
publications the Department of Agriculture of the United States has 
drawn attention to the prodigal method in which her forests are exploited, 
and has pointed out that in a few years she will not even have timber 
enough for her own supplies. 

There are only two regions of the world that may contain sufficient areas 
of virgin coniferous forest appreciably to affect the situation. The one is 
Canada, which in the North-West, and also North and East of 
Lake Superior, contains large tracts of untouched forest. The growing 
stock of large stretches of country west of the Rocky Mountains is un- 
doubtedly large, and is now having an appreciable effect on market supplies. 
The timber that may become available along the line of the new 
Grand Trunk Railway is much more problematical. The area is vast, but 
the density of the stock is said to be poor, and the individual trees and 
rate of growth are small. The other region of the world that contains large 
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stretches of virgin forest is Siberia. Although the density of Siberian 
forests cannot compare with well-stocked land in Europe or America, her 
areas are so vast that it cannot be doubted that this country possesses 
enormous stores of wood. But the difficulty in her case is to get them out. 
The navigation of the Arctic Ocean is too dangerous to be undertaken for 
timber cargoes at anything like present prices. Nor would it be profitable 
to move timber along the Trans-Siberian Railway. The only way to get 
part of Siberia’s timber to market is to float or ship it down the rivers, 
such as the Amur, that debouch into the Pacific. This is already being 
done to some extent, and in time such supplies will go some way towards 
satisfying the demands of China, Japan, and Australia. 

The growing scarcity of supplies of timber is clearly reflected in the prices 
on the world’s markets. Thus in Britain the largest class of timber has 
risen in value 28 per cent. in the last fifteen years. Concurrently with the 
rise in price there has been a marked falling off in quality, so that the 
real rise in price has been much more than the figures indicate. The 
United States Department of Agriculture recently issued a table, which 
showed the prices ruling for various classes of timber in various American 
markets during the past twenty-two years. Of thirty-two brands of timber, 
nine had risen over 100 per cent., and only two had risen less than 25 per 
cent. Effective relief through the agency of timber substitutes seems 
improbable. Concrete and iron are, of course, used to some extent in place 
of wood, and there is a talk of sugar-cane stalks becoming important in 
paper-making. But with it all, the demands for wood continue to grow, 
and although economic prophecies have often proved to be wrong, it seems 
impossible to escape the conclusion that the future of the world’s timber 
supplies is distinctly disconcerting. It would therefore appear to be in the 
interests of every country to take energetic steps to prevent the wasteful 
destruction of timber by forest fires, to see that denuded areas are at once 
regenerated, and to undertake the planting of all land that can be better 
utilised under silviculture than through the agency of pastoral occupation. 


2. The Forests of Canada. By R. H. CampBeE.u. 


The area of forest in Canada containing timber of present value is 
probably not more than 500 to 600 million acres, and the area which can be 
considered as entering into the question of a supply of lumber is probably 
one half of that area, with a stand of 500 to 600 billion feet board measure. 
The quantity of pulpwood is large, and may equal one billion cords. 

The present production in Canada annually is about ten billion feet board 
measure of all wood products, of which four billion would be timber of a size 
suitable for sawing into lumber. If the production did not increase rapidly 
beyond this figure the supply would last indefinitely, but when the possibi- 
lities of the future are considered in relation to the consumption in the United 
States of forty billion feet board measure of lumber and a possible total 
of one hundred million feet board measure of wood products, and to the net 
imports of the Continent of Europe, which is several billions, the fifty billion 
feet board measure of pine of merchantable size still standing in Canada, does 
not give a large outlook for future expansion, and even the 300 billion feet 
estimated for the best timber of British Columbia cannot be termed in- 
exhaustible. 

Pulpwood is an uncertain, though a large quantity, and there seems no 
danger, even with a greatly increased demand, of early exhaustion, but a large 
part of the stand is on the Arctic and Hudson Bay watersheds, and therefore 
not readily available for other than domestic consumption; railway con- 
struction and settlement are advancing into these northern districts, and 
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forest fires are still in dry seasons destroying large areas of mature forest and 
young growth. 

The action as yet taken by the Government to deal with the situation is 
entirely inadequate. The areas and distances are great, the population is 
sparse and scattered, the expense of an adequate system is high. The policy 
which should be followed may be summarised as follows :— 

(1) The fire patrol should be strengthened and made as effective as 
possible. While not, as at present organised, a thorough or adequate system, 
it is the only possible method under present conditions, and has been pro- 
ductive of great good. 

(2) An exploration of the public lands should be made in advance of 
settlement, and lands not fitted for agricultural purposes should be segregated 
and administered for forest purposes. Until forest lands are definitely 
separated from other lands with a clear understanding that they are to be 
administered on a fixed policy of permanent forests, administration must 
be uncertain and ineffective. 

(3) The question is finally one of administration, and to deal with it a 
trained staff must be built up, having knowledge of advanced systems of 
forest administration; having a practical knowledge of the business of 
lumbering; having the faculty of observation trained to see the various 
phases of the forest problem and the conditions which affect it, and having 
practical common sense and business sagacity. 

(4) Careful study of local conditions, forestic, economic, political ; and 
experimental work to determine what methods of reforestation and manage- 
ment will be most successful. 

(5) Education.—First, public education. This is a democratic country, 
and any public action must have public support. Second, special education. 
The training of the administrative staff in the school and in the forest. 

The three divisions of the work are:—(1) Education, (2) Legislation, 
(3) Administration. Of these the means for special education are sufficient. 
The work of public education is being carried on vigorously, but requires 
great extension. Legislation is generally advanced. The carrying out of 
the results of education and legislation is in the hands of the administration, 
which is utterly inadequate and incapable as at present constituted for the 
large task it has before it. A trained staff equal to the situation must be 
developed. This is a work of time, and demands that the beginning tenta- 
tively made should be expanded rapidly. 

Canada has a great extent and wealth of forest, but it is gradually and 
surely being depleted from year to year. Under present conditions she may 
continue for years her position as an exporting country, but fire and the axe 
are reducing her producing capacity steadily, and the foreign and domestic 
demand are as steadily increasing. Reproduction is not offsetting destruc- 
tion—far from it—and the efforts so far made to assist it by artificial means 
are hardly worth mentioning. When the present stand of mature timber is 
gone, Canada cannot remain an exporting country unless some more effective 
steps to protect and reproduce her forests than those now attempted are 
undertaken. 


3. Some Injurious Insects of Canadian Forests and Methods of Control. 
By Professors W. Locnneap and J. M. Swarne. 


In spite of the enormous area of the Canadian forests (estimated at 
1,600,000 square miles, of which at least one-fifth may be assumed to carry 
valuable timber), no Government survey has ever been instituted with the 
definite purpose of determining the amount of damage done by insects and 
fungi. This paper summarised what little is known from the observations of 
individual collectors, foresters, and lumbermen, together with what may 
reasonably be inferred from the admirable work of the Bureau of Entomology 
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of the United States Department of Agriculture upon forests contiguous with 
those of adjacent territories of Canada. 

Fuller knowledge of the life history of the most injurious species is 
required before specific remedial measures can be devised. Among those of 
general application are the prompt removal of mature timber and the 
destruction of harbouring refuse. 


4. Some of the most Injurious Insects of Field Crops in Canada. 
By Professor WiuL1am LocHHEaD. 


Competent observers estimate the loss from depredations by insects to - 
field crops in Canada at not less than fifty millions of dollars annually. 
While the loss cannot be wholly prevented, it could be greatly reduced by 
the general adoption of the measures advocated. In Eastern Canada 
the Hessian fly is doubly brooded, the fall brood appearing in September 
and attacking the young plants of fall wheat, the spring brood appearing 
in May and June and injuring fall wheat as well as spring crops of wheat 
and barley. In Manitoba it is apparently single brooded, the puparia 
remaining dormant on the stubble until spring. The method of control 
recommended for the West is to burn over the stubble of the wheat fields 
or to plough the stubble land down deeply as soon after the crop is cut as 
may be practicable. 

Wireworms and white grubs were dealt with. The remedial measures 
considered were chiefly the systematic rotation of crops. 


5. Chemical Characteristics of Western Prairie Soil. 
By Frank T. Suurt, M.A., F.R.S.C. 


The Canadian prairies comprise all that portion of the Great Plains 
Region north of the forty-ninth parallel and found within the confines of 
the three western provinces, Manitoba, Saskatchewan, and Alberta, and 
extending northward of these provinces to the Arctic Ocean. It consists of a 
stretch of country of some 800 miles from east to west, if measured along the 
southern boundary of these provinces, but contracting to between 300 and 400 
miles at the fifty-sixth parallel. Settlement began in the south of this 
country, and for some years past has been rapidly extending northward. 
This interior plain is made up of three steppes. The first and lowest (with 
an elevation of 800 feet above the sea) is known as the Red River Valley ; its 
northern part being occupied by the Winnipeg lakes, while its southern 
- portion constitutes an apparently absolutely dead-level prairie of almost 
7,000 square miles. It is the bed of the ancient glacial Lake Agassiz, the 
sediment of which is found to make the finest soil for wheat. 

The second steppe, west of the above and extending to the Missouri cotean, 
has an average altitude of 1,200 feet and comprises some 105,000 square miles, 
the soil being undulating in parts and less uniform in character than that of 
the first plateau. 

The third and largest steppe, extending westward of the above to the foot 
hills of the Rocky Mountains, comprises the western part of Saskatche- 
wan and the province of Alberta. Its average altitude is about 3,200 feet 
and its area 134,000 square miles. The northern part is wooded, while an 
open prairie occupies the greater portion in the south. Its topography is 
more diversified than that of the first and second plateaux. 

The meteorological features of this prairie country are high day tem- 
peratures and an abundance of sunshine in the summer months, and an 
annual precipitation of, say, 18 inches in the eastern portion, declining to, 
say, 14 inches in the western. An important fact from the agricultural 
standpoint is that from 70 to 75 per cent. of this rainfall occurs during the 
months of early growth and is therefore particularly effective for cereal 


crops. 
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During the past twenty years some 200 samples of soil collected from 
widely distant points over this immense area have been analysed, though all 
have not been subjected to a complete examination. Asa result of this work 
it can be unhesitatingly stated that the essential and distinguishing feature 
of the western prairie soils is their high organic matter and nitrogen content. 
It is to this fact unquestionably that they primarily owe their remarkable 
fertility and lasting quality. They contain for the most part fairly 
abundant stores of phosphoric acid, potash, and lime. We have. however, 
no evidence that the prairie soils, as a class, are exceptionally rich in these 
elements, though the presence of lime in liberal amounts indicates a condition 
of the soil particularly favourable to nitrification. The very intimate 
incorporation of this semi-decomposed vegetable matter with the clay and 
sund constitutes a very important and valuable feature and undoubtedly has 
an influence for good in many directions. The large percentage of this 
humus-forming material beneficially affects the soil from all three stand- 
points—chemical, physical, and biological. The relation between organic 
matter and nitrogen is a very close one; whatever destroys the former dissi- 
pates the latter. 

It is to be noted that in prairie districts the soil may be found of an 
extremely uniform character over very large areas, and that, as a rule, the 
decline in organic matter and nitrogen from above downwards is gradual, 
there frequently being no distinct line of demarcation between surface and 
subsoil. 

The nitrogen content of the Manitoban soils examined ranged from 2 to 
1:0 per cent., the larger number falling between ‘25 and ‘35 per cent. In 
Saskatchewan, the samples from eight or ten districts revealed a nitrogen 
content from ‘2 to 5 per cent. In Alberta many of the types analysed con- 
tained between ‘3 and ‘5 per cent., but the average was not quite so high as 
for the two provinces to the east. Asa rule, it was found that lower nitrogen 
percentages are obtained as we proceed westward across the plains, and un- 
doubtedly there is a direct relationship between the rainfall and the amount 
of nitrogen accumulated in the virgin prairie soil. 

The water-holding capacity of these soils rich in humus-forming material 
is very large, and it is to this fact that fallowing, now in vogue in grain- 
growing districts, largely owes its value. Moisture may be stored by this 
practice for the crop of the succeeding year, and from 200 to 300 tons of 
water per acre foot (over and above that otherwise present) thus supplied 
to the young crop at a time when the moisture can be used to the greatest 
advantage. 

The system of grain-growing now in practice leads to a large loss of 
nitrogen annually; probably twice as much loss of this important element 
being due to fallowing and other farming operations as to cropping. The 
following table presents the data from one set of experiments to illustrate 
this nitrogen depletion :— 


Indian Head, Sask. 


| Nitrogen. 
-_ To a depth of Aiea: | Ton depth of 8 inches. 
per cent. lbs. eee ve tie 
Virgin soil : : : = |) 0409 3284 | 0371 6936 
ieee agar 0-257 2402 0-253 4730 
| 
Lom duet removal in orops)}/ oss | em | oats | anos 
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Calculation shows that about one-third of this loss is to be accounted for 
by removal in grain and straw of the crops grown, the remaining two-thirds 
being dissipated by cultural operations. 

It is highly important that a system of crop rotation that will occasionally 
return humus-forming material and nitrogen should replace the present 
system of two grain crops, followed by a bare fallow. It will only be in the 
adoption of some such method that the present high fertility of the prairie 
soils can he maintained. 


6. The Nitrogen Problems of Dry Farming, 
By F. J. Auway, B.A., Ph.D. 


Fallowing, which in ‘ dry farming’ is necessary in order to accumulate 


water in the subsoil, facilitates the rapid loss of nitrogen, while the use 
of leguminous crops as green manures exhausts the moisture of the subsoil. 
The nitrogen problem will probably become acute much sooner in the 
central and southern portion of the semi-arid region than in Saskatchewan, 
as the original content of nitrogen is less. Six-inch samples of the heaviest 
types of soil, which are also those richest in nitrogen, were taken by the 
author from prairies in widely separated portions of the semi-arid region, 
viz., Indian Head, in Saskatchewan ; North Platte, in Nebraska; Solana, in 
northern New Mexico; and Douglas, in south-eastern Arizona. The per- 
centages of nitrogen were °384, ‘175, ‘161, and ‘087 respectively, and of 
organic carbon 4°19, 2°06, 1°29, and 0°58. 

The author reported the results of the determination of nitrogen, 
organic carbon, and soluble humus in over fifty samples of soil taken by 
him from different fields, plots, &c., of the Indian Head Experimental 
Farm, as well as from the adjacent prairie. The history of all the fields 
since the first prairie sod was turned is known. Continuous cropping with 
wheats, oats, and barley, with a fallow about every third year, has caused 
a loss of about one-third of the original content of nitrogen and carbon. 
Continuous bare cultivation for fifteen years has caused noticeably greater 
losses than cropping for the same length of time. Seeding down to grasses 
has checked the losses. In the case of a field of twenty-two rotation plots 
the average of the fifteen plots, on each of which during nine years a 
leguminous crop had been ploughed under every third year, was the same 
as that of the seven plots which had produced a cereal crop every year or 
had been fallowed every third year. 

That nitrogen has not yet become a limiting factor in the yield of wheat 
at Indian Head is shown by the annual reports of the Indian Head ‘farm. 
Applications of 100 and 200 Ibs. of NaNO, have caused no increase in yield 
of wheat. The yield after leguminous crops ploughed under has been less 
than on fallows, the difference in yield seeming to depend upon the extent 
of growth and the lateness of ploughing of the legumes, and accordingly 
upon the amount of water removed from the soil by the legumes. 


7. The Conservation of the Fertility of the Soil. 
By A. D. Hawn, M.A., F.R.S., and E. J. Russe, D.Sc. 


Nitrogen is the most important of the elements of fertility in the soil, 
and the one most subject to change through either the natural conditions 
prevailing or the form of cultivation the land receives. We may distinguish 
various factors affecting the amount of nitrogen in the soil :— 

(1) The growth of plants simply removes some of the nitrogen that has 
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reached an available form. As it may also be accepted that the plant itself, 
apart from bacterial action, neither converts any of the combined nitrogen 
it obtains into gas nor brings into combination any of the free nitrogen of 
the air, there is neither gain nor loss of soil nitrogen when the growth of 
the plant is returned to the soil. 

(2) Various bacteria are capable of bringing atmospheric nitrogen into 
combination and so increasing the stock of soil nitrogen. They may either 
live in symbiosis with higher plants (Pseudomonas) or exist free in the soil 
(Azotobacter, Clostridium). 

(3) Another group of bacteria, in the process of breaking down organic 
matter, liberate the nitrogen in the free state and so reduce the stock of soil 
nitrogen. 

(4) Natural drainage waters contain nitrates which have been derived 
from the soil nitrogen by bacterial oxidation. 

(5) The rain annually contributes a certain amount of combined 
nitrogen to the soil, The amount is greater in the proximity of towns ; the 
average amount at Rothamsted is 3°84 lbs. per acre per annum, and other 
results would show that this is a very representative figure for pure country 
air. 

The interplay of these factors gives rise in practice to the following types 
of cases :— 

A. The nitrogen content of land under arable cultivation declines when 
the produce is entirely removed and no organic nitrogen is added as manure. 
The unmanured plot on the wheat-field at Rothamsted shows the following 
results :— 


Broadbath, Plot 3. Nitrogen, lbs. per acre. 


| In Soil, | Im Soil, | Lossin | Added by | Removed by | Unaccounted | 
| 1865 | 1893 | 28 Years Rain and Seed! Crop | for 
| 2,722 lbs. | 2,437 lbs. | 285 Ibs. 167 lbs. _ 428 lbs. | — 24 lbs. | 


Thus the crop almost exactly accounts for the decline in nitrogen in the 
soil + that which has been brought down by the rain. Since there are also 
losses due to drainage and to the nitrogen contained in the weeds removed 
from the plot, there must be some recuperative actions (No. 2) at work to 
maintain the balance. These, however, are not large. Taking similar 
figures for plot 7, which receives 86 lbs. of nitrogen annually as ammonium 
salts ;— 


Broadbatk, Plot 7. Nitrogen, lbs. per aere. 


| InSoil, | In Soil, | Loss in | Added in | Added by | Removed Icilasucen ted 
1865 1893 ain and 


28 Years Manure | abet | in Crop | for 


3,034 Ibs. 2,971Ibs./ 63 Ibs. | 2,408 Ibs. 167 Ibs, | 1,212 Ibs. —1, 426 Ibs 


In this case the recuperative agencies are not sufficient to balance the 
losses by drainage water, weeds, &c. 

B. When land rich in organic compounds of nitrogen is subjected to 
arable cultivation, the destructive agencies (No. 3) become very active and 
the land loses nitrogen rapidly. This may be illustrated by the results 
obtained from plot 2 on the same field, which receives 14 tons of farmyard 
manure, containing approximately 200 lbs. of nitrogen, every year. 
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Broadbath, Plot 2. Nitrogen, lbs. per acre. 


In Soil, | InSoil, | Gain in | Added in | aoe by | Removed | Unaccounted 
1865 1893 28 Years | Manure | Seed. in Crop for 
4,343 Ibs. | 4,976 Ibs. | 633 Ibs. | 5,600 Ibs. 167 Ibs. | 1,361 Ibs. | —3,773 Ibs. 


Under these conditions the losses are enormous, amounting to about 
one-half of the nitrogen added. 

C. When land is carrying a natural vegetation which is not removed 
there is a gain of nitrogen. A portion of the Broadbalk wheat-field has 
been allowed to run wild since 1881; a rough natural vegetation, consisting 
mainly of grasses, but also containing about 25 per cent. of leguminous 
herbage, has established itself and is never removed, but allowed to fall and 
decay. Analyses of the soil in 1904 showed a considerable accumulation of 
nitrogen, 


Nitrogen, lbs. per acre, top 9 inches. 


Tn Soil, 


In Soil, | Added by Rain | | 


1881 1904" | (28 Years) | Gam 
2,769 Ibs. | 3,711 lbs. 88 lbs. | 854 Ibs. 


! 


There is also a considerable gain in the second and third nine inches. 

A similar piece of land on which the vegetation is exclusively grassy 
and contains no leguminous plants shows a smaller but still marked gain 
of nitrogen. This gain may be attributed to bacterial agencies (No. 2). Not 
only are there leguminous plants in the plot, but azotobacter is also present, 
and is enabled to fix large quantities of nitrogen because it obtains the 
necessary carbohydrate from the annual fall of vegetation. Fixation is 
small on the unmanured arable plot (A) because only a small root residue 
of carbonaceous matter is left in the land every year. It is to the activity 
of azotobacter when thus supplied with carbohydrate by the annual fall of 
vegetation that we may attribute the accumulation of nitrogen in virgin 
soils. The higher plants alone, however long they occupied the land, could 
only restore what they had previously taken from the soil, and thus could 
never originate the vast stores of nitrogen that are found in such virgin 
soils as the black steppe soils of Manitoba and the North-West. This con- 
clusion is strengthened by the fact that such steppe soils are always well 
supplied with calcium carbonate, a necessary factor in the action of 
azotobacter. The organism itself has also been isolated from all such soils. 

From the practical point of view we may conclude that the cultivation 
of successive cereal crops will rapidly reduce the stock of nitrogen originally 
in the soil, not only by the amounts withdrawn in the crop, but also by the 
oxidising actions which are set up in the cultivated land. By a more 
conservative system of farming, in which leguminous crops are introduced 
into the rotation and a certain amount of carbonaceous matter is returned 
to the soil, the recuperative agencies become sufficient to repair the losses 
of nitrogen and maintain a moderate level of fertility without the intro- 
duction of any extraneous source of nitrogen. Such, indeed, was the state 
of things in Europe previous to the discovery of artificial fertilisers, e.g., the 
average production of wheat in England in the early years of the nineteenth 
century was about 20 bushels per acre on farms which were self-supporting 
as regards the elements of fertility, and this level has been maintained for 
a long time. 

This conclusion may be illustrated from the results given by the Agdell 
Tield at Rothamsted, which is farmed on a four-course rotation, with clover 
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or beans once in each four years. Taking the plot which receives no 
nitrogen, but only phosphoric acid and potash, we obtain the following 
figures :— 


Nitrogen in Soil Average Production | Average 
——_ | || Removal 
1867, 1909, viper eae Wheat, seuad, | Barley, | Clover, || fs Bib 
lbs. lbs. per annum | bushels | ewts. bushels | cwts, | per annum 
- = | 
| 
3,240 3,522 +67 | 35°2 297 k 29 | 467 | 46°3 


Had the roots, straw, and clover hay been converted into manure and 
returned to the land, as would be the case in ordinary farming, there is little 
doubt but that the production would be raised to the usual English level of 
32 bushels of wheat, 34 bushels of barley, 12-13 tons of roots per acre. 


8. The Functions, Availability, and Conservalion of Soil Moisture in 
Crop Production. By Professor F. H. Kina. 


The author pointed out the great importance of soil moisture as a factor 
in crop production, not only in dry countries but in moist ones as well; 
indeed, it is doubtful if there are any agricultural soils to be found any- 
where where deficiency of available moisture is not, in most seasons, a 
marked limiting factor of yield. Water is not only an important plant 
food, but is also the medium in which all other plant food derived from 
the soil is elaborated and carried to the plant tissues. To produce a ton 
of dry matter in the crop from 250 to 600 tons of water are withdrawn from 
the soil by transpiration and by evaporation from soil. It is not possible 
to separate these two factors, but in the author’s view the plant takes not 
less than from 200 to 400 tons. To produce twelve bushels of wheat and 
twenty bushels of barley per acre there must be lost from the soil not less 
than 3°6 and 4°3 inches of water respectively, and there must be left in 
the soil at harvest enough water for growth not to have been stopped. 

Only a portion of the water in the soil is available for the crop; the 
rest is held as a film to the soil particles and cannot get into the plant 
roots. The amount of this unavailing water depends on the size and 
arrangements of the soil particles and on the quantity of colloidal matter 
present. Thus a soil may be physiologically dry and yet contain more 
moisture than another soil which is actually supplying water to plants. 
Further, on one soil (e.g., a coarse sand) 03 inch of rain would double 
the water content of the surface foot and place it in a good growing con- 
dition, while on another soil (e.g., a clay) the same rainfall would be 
largely retained near the surface, above the roots, and be quickly lost by 
evaporation. On the sandy soil also the rain would have dissolved any 
soluble salts accumulated near the surface and have carried them down 
about the surfaces of the active root hairs so that the crop would have been 
fertilised as well as watered ; on the clay soil the water might even have the 
effect of strengthening the upward capillary rise from below, leaving the 
deeper soil both drier and less richly charged with soluble plant food than 
before. When the natural particles are caused to agglomerate by tillage, 
the amount of available water increases; suitable soil texture is therefore 
a very important consideration in dry farming. 

Another important matter is the depth of the soil. Where the textural 
conditions of the subsoil are uncongenial and a large root surface is forced 
to be developed in a small volume of soil, the demands of the plant for 
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moisture may become so large that the rate of removal from the soil exceeds 
the ability of capillarity to bring it up. In many of the coastal plains of 
the Southern States (U.S.A.), where such soil conditions obtain, drought often 
prevails with a high water content in the soil less than 18 inches below 
the surface. It is a fortunate circumstance that deep congenial subsoils are 
generally characteristic of semi-arid and arid regions, so that the root 
systems of crops may have deep as well as broad pasturage, and upon this 
feature more than any other must the hope of ‘dry’ farming rest. Earth 
mulches are next discussed, and it is shown that the mulch should not be 
deeper than necessary. Not only is a deep mulch so much soil taken out 
of active service, but it may, in a season of small intermittent rains, waste 
more moisture than is saved by retaining the rainfall at the surface, whence 
it evaporates, instead of allowing it to penetrate below. 

For hoed crops like maize and potatoes it is easy to utilise soil mulches 
as conservators of moisture, but with cereals a modified method is necessary. 
The author recommended growing cereals in strips two feet wide, leaving 
two feet as cultivated fallow between the strips. In the following year the 
strips are alternated, so what is now fallow will next year be cultivated, 
and vice versé. He considers this better than. the usual arrangement of 
leaving the whole field fallow in alternate years. ; 


SECTION L.—EDUCATIONAL SCIENCE. 


PRESIDENT OF THE Section.—Rev. H. B. Gray, D.D. 


THURSDAY, AUGUST 26. 
The President delivered the following Address :— 


The Educational Factors of Imperialism. 


Amone all civilised races and in all epochs of the world’s history there has 
existed an inveterate belief that the particular age in which men live is 
fundamentally distinct from those that have preceded it. 

Even in the most stagnant periods the illusion has prevailed that the 
present day is a period of flux and movement more or less organic, and as 
such either to be welcomed or to be deplored. 

Notoriously difficult, however, as it is to gauge the temper of an age 
while we live in its midst, yet the phenomena in England at the beginning 
of the twentieth century seem so unmistakably marked, that even a super- 
ficial thinker can hardly fail to recognise the spheres in which the symptoms 
of change and unrest are clearly operating. They are surely in these two 
—the sphere of education and the sphere of Imperial sentiment. 

It may not appear inapposite, therefore, if, meeting as we do in this city 
_of phenomenal growth and infinite enterprise, our thoughts were to be 
directed in my inaugural address on the Science of Education towards 
discovering what may be either called the Imperial factors in education, or 
conversely, and perhaps more properly, the educational factors in 
Imperialism. 

It may be perhaps safely said in this great Dominion what might 
possibly be disputed in the academic groves of our ancient English univer- 
sities, that there was no width of educational outlook within our own little 
island until the last thirty years of the nineteenth century. 

The only strongholds of learning which presumed to give the lead to 
English secondary education were to be found on the banks of the Isis and 
the Cam. In these antique, I hesitate to say antiquated, fastnesses, the 
‘ grand old fortifying classical curriculum’ was, till lately, regarded as the 
main, if not the only, highroad to educational salvation. They preserved, 
indeed they preserve to this day, almost the same entrance bars against 
admission to their thresholds as existed in pre-Reformation days. And, 
conformably with the pursuit of these ideal studies, the vast mass of their 
emoluments were, and still are, appropriated to the pursuit of the ancient 
models of education. 

The result of this monopoly on the lower rungs of the educational ladder 
has been obvious, and, to a scientific thinker, lamentable. The curricula 
of the Public Secondary schools have been narrowed, or rather have never 
been widened coincidently with the development of new spheres of know- 
ledge and enterprise. The students in those institutions have been 
dominated from above, for just as ‘where the carcase is, there will the 
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eagles be gathered together,’ so where the emoluments have been, thither 
do the cleverest students concentrate their intellectual forces. 

The ambition of the ablest boys has been inevitably and exclusively 
concentrated on a single line of study, and (as often happens in the minds 
of the young) other no less humane but entirely unendowed departments of 
human knowledge have been laughed down and despised. Opprobrious 
epithets even have been bestowed on the study of the natural sciences, while 
those modern linguistic achievements which opened the door to the treasures 
of French and German literature are still nothing accounted of in the great 
schools of England. 

But (more marvellous than all) even the scientific acquisition of and 
familiarity with the literature of the mother tongue have been entirely 
neglected, because no room could be found for it in a time-table, three- 
quarters of which is confined for the great mass of boy students in the 
historic schools of England (whatever their tastes and capabilities) to the 
exclusive study of the grammar, literature, and composition in the 
languages of ancient Greece and Rome. And the particular methods 
pursued in this confined curriculum have rendered the course more 
straitened still. The acquisition of the literatures of the two dead 
languages and of the great thoughts buried with them have given place to 
a meticulous study of the subtleties of scholarship, and students are taught 
to wanton in the abnormalities of the words and phrases in which those 
literatures were enshrined, so that in the mind of the classical scholar the 
form has become, or at any rate became till quite lately, more important 
than the substance. 

Nor is this all. Those who cannot find any stomach for such drenching 
doses of medizval learning are actually driven away prematurely as lost 
souls from those moss-grown seats of learning, which we acclaim as the 
great public schools of England; and, with moral characters only half- 
fledged, have either been condemned to the limbo of private tuition or sent 
as ‘submerged tenths’ to find, or lose, their fortunes in the great depen- 
dencies and dominions of the Empire like that in which I am speaking 
to-day. There has been no serious attempt made till the twentieth century 
by the leaders of our best-known places of secondary education to discover 
the bents and aptitudes of the boys committed to their charge and to give 
them any educational chance, if they have not possessed that particular 
kind of perception which could find its way through the subtleties of a 
Euripides or a Horace. Boys have been entirely denied the opportunity 
of showing their mental powers in any other sphere of learning. How 
many unsung Hampdens or mute inglorious Miltons of mechanical genius 
have been lost to the world by the non-elastic systems prevailing (even now) 
in our best-known educational institutions, is a tremendous responsibility 
for conscientious trainers of the young to contemplate and atone for. 

In how many, or rather how few, places of learning in England, at the 
present time, can the establishment of scientifically equipped carpentering 
and engineering shops be found, in which a young mind which finds it im- 
possible to digest the crude morsels of Latin and Greek grammar can find 
resource and development? In how few schools has the connection between 
mind and hand and eye been scientifically trained? Such establishments, 
even in the first decade of the twentieth century, can be counted on the 
fingers of one hand. 

And yet, in spite of it all, the surprising fact remains—a fact which 
speaks volumes for the innate vigour and originality of the English race— 
that, out of the stream of young men which flows out annually from our 
public schools * and colleges, so many accommodate themselves as happily 
_. + It should be noted in the forefront of this address that the expression 
“public schools’ is used throughout in its English (not in its more proper and 
American) sense—i.e., as the educational centres of the upper classes 
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as they do to the startlingly new conditions which confront them when they 
pass over the seas, and swell the tide of population in great centres of 
industry and enterprise such as that in which we stand to-day. Their 
educational vision, however, has had such a narrow and limited horizon 
that no wonder a large proportion are not very adaptable to the 
practical life of the prairie and the forest, or even of the counting- 
house and the office stool. Am I, or am I not correct in hazarding 
the conjecture that many specimens of this really fine English breed from 
the old country come to you here in this Dominion without an elementary 
knowledge of the laws of the world in which they live, full of antiquated 
prejudice and tradition, derived principally from the straitened area of 
their island-home experience, so that not seldom they put their hand to the 
plough (either literally or metaphorically) and look back, becoming wastrels 
instead of forceful citizens in this ever-widening Empire? ‘No English 
need apply’ has been, if I mistake not, written as a memorandum inside the 
breast of more than one leader of industry in this great continent, and small 
wonder is it when the cramping character of the ultra-medieval training 
which our young men have received at some of our historical public secondary 
schools in England is taken into account. 

What remedy (you may ask) have I to propose? My answer is this: I 
want to force upon the attention of English educationists certain Imperial 
factors which should occupy an indispensable place in the educational 
curricula of the great schools in the Mother Country. 

I would give a prominent place to the scientific teaching of geography, 
and particularly to historical geography, with special reference, of course, 
to the origin, growth, and progress of the British Empire. Such a volume 
as the ‘Sketch of a Historical Geography,’ by Keith Johnston, should be 
placed in the hands of every boy, and be known by him from cover to cover. 
It can hardly be realised that in many of our great classical schools to this 
day not more than one or at most two hours a week are devoted to this 
subject, and that it is often not taught at all beyond the middle classes in a 
school. 

Again, I would enforce an elementary knowledge of science on every 
boy who passes through the stage of secondary education. 

I am aware that many hard things have been said about the teaching 
of science in secondary education. A learned professor, who is the Presi- 
dent of another Section of the Association, has passed his opinion that, as 
taught in our schools, it has proved of little practical or educational value. 
But because the methods employed have been halting, insufficient, and 
unscientific, it by no means follows that it should be left out of the category 
of school subjects. On the contrary, it appears astounding that two-thirds 
of the public school boys of England should grow to man’s estate without 
even an elementary knowledge of the laws of the world in which they live. 

Lord Avebury, in his Presidential Address at the International Moral 
Education Meeting held in London last autumn, told his audience an 
amusing story of how, walking back one beautiful summer night from the 
House of Commons arm-in-arm with a leading luminary on the Government 
benches, his companion, who had been at Eton and Oxford, gazing at the 
greater luminary in the heavens, pensively observed: ‘I wonder, my dear 
Lubbock, whether we shall ever know why the moon changes her shape once 
a week at least?’ 

To one who aspires to seek his fortune in the wide and half-unexplored 
continents of Greater Britain the value of the knowledge of chemistry, geo- 
logy, botany, and arboriculture, can hardly be over-estimated. And yet many 
present here could bear critical witness to the fact that a large proportion 
of young men go out to the North-West totally unequipped after their 
public school training with even the most elementary knowledge of those 
departments of science to which I have alluded. No wonder, again, ‘No 
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English need apply.’ Every youth we export to you ought educationally to 
bear this label on his back: ‘ Every seed tested before being sent out.’ 

But above and beyond all there should be brought into the foreground 
a co-ordinated study of English language and English literature. Nothing 
impressed me more in my visit to the United States in 1903 as one of the 
Mosely Commission, than to observe how greatly the cultivated classes in the 
Federation outstripped our island-bred people in-the facility and power 
with which they manipulated the English tongue. Awkwardness, poverty 
of expression, and stammering utterance mark many Englishmen of high 
academic distinction. But the American who, on account of the incessant 
tide of immigration, has to assimilate the congeries of all the nations of the 
earth in the shortest possible space of time, has so co-ordinated the study 
of his ancestral tongue in the schools of his country, that the pupil emerges 
completely equipped for the use of persuasive and oratorical language 
wherein to express his thoughts and wherewith to gain his ends. 

In connection with this may I add that it was, indeed, a happy augury 
that, at the eve of the meeting of the British Association in this great 
Dominion, there should have been a gathering of delegates of the Imperial 
Press in the centre of our small island home. ‘Little they know of 
England, who only England know.’ The phenomenal, or rather abysmal 
ignorance of the geography and of the vastness of the productive power of the 
British Empire which exists among the upper and middle classes in 
England would be ludicrous if it were not so deplorable. The loyalty and 
devotion of the Colonies, right unto the utmost corners of the earth, admit 
of no dispute. It is observable on every hand and in every national crisis. 
The doubt is of the loyalty of the centre of the Empire towards its 
extremities, through the crass ignorance which exists as to the geographical 
and political meaning of that Empire. I would annihilate that 
ignorance, as aforesaid, by putting political, historical, and physical 
geography in the forefront of our educational system; by lectures from 
your able men in Canada, or Australia, and South Africa, vivified by lantern 
slides, and encouraged and endowed by the Mother Country. I would bring 
all visible means of presentment to bear on the education of childhood, boy- 
hood, and youth in the Motherland. 

Let me touch on one further educational factor of Imperialism. The 
sentiment of patriotism, unlike that of charity, is not equally capable of 
indefinite intension and extension. The peculiar system of education which 
finds vogue in England in most of our greatest institutions—the institutions 
from which are drawn the future leaders of the nation—is, as everyone 
knows, the barrack system, otherwise called the boarding system. It is not 
the time or place here to enlarge on the obvious advantages of that system, 
its unique characteristics, its power of moulding character and developing 
enterprise. But it has its cramping and confining side—it has a tendency 
to localise patriotism, to narrow a young man’s mental horizon, and to 
ignore whatever lies outside its immediate survey. Hence the abnormal 
and gladiatorial devotion to games and comparatively selfish amusements, 
which absorb, and, in my opinion, not seldom paralyse and stifle wider, 
more generous, more enlightened—in fine, more Imperial instincts. How- 
ever much in the field of sports the individual youth may subordinate his 
own self-regarding impulses to the welfare of the tiny community for which 
he is exercising his energies, his horizon is not wide enough to bid him 
rise to a sentiment of self-sacrifice and self-abandonment on behalf of a 
greater and more abstract ideal—love of Fatherland and loyalty to Empire. 

But it is a welcome thing to be able to point to a larger sentiment lately 
awakened in this direction. There is no doubt that the patriotic spirit in 
our schools and colleges has, from whatever cause, received a great impetus 
in the last two years, and that the general principles of an intelligent 
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defence of our shores from foreign aggression have been taught and 
construed into terms of scientific training and co-operative action with a 
rapidity equally surprising and welcome to those who, a few years ago, 
looked with something more than apprehension on the supineness of the 
youth of England in all patriotic regards. 


‘The flannelled fool and muddied oaf,’ 


though they have not yet received their quietus, have been less rampant lately 
in our educational institutions, and something like an Imperial instinct, born 
of increasing knowledge both of the glory and dangers of our vast Empire, 
has, at least in the more cultured classes, taken the place of apathy, dis- 
regard, and ignorance. In hours formerly lavished to an abnormal extent 
on trivial amusements, and even in hours hitherto devoted to more academi- 
cally intellectual training, we find young men in our schools and colleges 
now with arms in their hands, shooting, signalling, scouting, and studying 
scientifically the art of defensive warfare. This at least is ‘a beam in 
darkness, of which we pray that it may grow.’ 

Time and your patience will not allow me to touch on more than the 
fringe of the great educational problems which have to be solved before 
we can approach in English education to what I venture to call the ideal 
of Imperial responsibility. 

In criticising the old medizval system of education which prevailed in 
England till comparatively recent years, and which still has far too great a 
hold on the more venerable and important institutions of our island home, 
I would not have you suppose that I am an advocate of a complete, or even 
approximately complete, basis of utilitarian education. It is an easy charge 
for those who desire stare super antiquas vias, to throw in one’s teeth. I 
have little hesitation in expressing my belief that the time has come (and I 
speak as one whose training was that of a classical scholar, for I was brought 
up in the straitest sect of academical Pharisees)—I say I have no hesitation 
in expressing my belief that the time has come, not only that the study of 
the two ancient languages should be reduced to one for all except scholastic 
specialists, but also that both should yield pride of place in our educational 
system to the claims of English, modern languages, mathematics, natural 
science, and, not least, manual training, so that our young men should be 
fitly equipped to put their hand to any work which may confront them 
amid all the complex problems and critical situations to be found within the 
world-wide boundaries of the British Empire. 

Germany, France, and the United States have been beforehand with us 
in the working out of such a reformed system of education. I am by no 
means one of those who believe that we should be wise in copying the 
methods in their entirety of any of these three peoples in their educational 
methods. Undoubtedly in all three there has been a more organised 
connection between the actual teaching given in their respective 
schools and the industrial, social, and political needs of the respective 
peoples. But no one nation is exactly like another nation in its 
temper and genius, and I should be sorry to advocate, for instance, 
the highly organised system of State education in Germany, under 
which it could be predicted to a certainty that boys and girls in every 
secondary or primary school on any given Friday morning should be studying 
(say) the geographical importance of Natal or the outlines of the coast of 
Lincolnshire. There must be many educational differences, because the 
idiosyncrasies of each nation differ from those of another, and I do not think 
we need ever fear that our intrinsic individuality will be crushed into any 
Teutonic cast-iron mould or ground down beneath the heel of some bureau- 
cratic educational despotism. But that we ought to change our ways still 
more than we have, and adopt saner educational models, many searchings 
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of heart through a long educational career have gradually, but overwhelm- 
ingly, convinced me. If we are apt to think, speak, and act Imperially, our 
education must take form from a strong Imperial sentiment, and must aim 
at instilling Imperial instincts in the young lives which that education is 
meant to control and develop. 

I have spoken hitherto of this subject mainly from the point of view of 
secondary education, with which I am the most conversant ; not only for 
that reason, however, but because most of those who are destined to proceed 
to the distant outlying parts of the British Kmpire, and, when there, to 
take prominent parts in the development of that Empire, obtain their 
educational equipment from the secondary schools of England. It is, there- 
fore, on curricula offered or desiderated in them that I have exclusively 
dwelt. But I do not blink the fact that the proper educational organisation 
of our elementary schools, on the one hand, and of our universities on the 
other, exercises a large influence on the solution of Imperial problems. 

On elementary education, however, I do not propose to touch in this 
address, mainly because I look forward to experts in primary schools directing 
the thoughts of this Association more directly tothem. But I will touch with 
great brevity on the subject of University education. 

Whether Oxford and Cambridge—particularly Oxford—will ever so 
reform themselves as to contribute largely to such solution remains to be 
seen. Personally, I look with far greater confidence to the more recently 
organised universities—those of London, Leeds, Sheffield, Manchester, 
and the like—to equip men educationally with those moral, physical, and 
intellectual qualities which are most in requisition in our great dependencies 
and commonwealths. 

Such institutions, from their newness, their eagerness, their freedom 
from antiquated prejudices and vested interests, are more likely to be counted 
upon for many years to come to send forth a stream of young men who 
have learned in the school of hardness to face the difficulties and to adapt 
themselves to the austere conditions which are inseparable from life in un- 
worked regions and half-discovered continents. And it is at once a hopeful 
and inspiring thought that the great Dominion of Canada will welcome such 
to herself as sufficient and efficient citizens of her all but boundless territories, 
that she will recognise in them ‘bone of her bone and flesh of her flesh,’ 
physically, mentally, and morally capable, in company with those of her 
own sons who have long settled in the land, of extending the borders of the 
Empire by enlarging its resources, and of lifting, securing, and consoli- 
dating thereby the destinies of the Anglo-Saxon race. 

There is still one more educational factor on which I would ask 
attention before I close this address. It is this—the necessity of 
a closer touch educationally (in the sense of ‘ academically’) between 
the secondary schools and colleges of the Mother Country and similar 
institutions in the great Dominion and commonwealths which own 
her parentage. How this can be effected without great modifica- 
tion of our existing English system it is hard tosee. But one point is quite 
clear. We must give up that part of our system which insists on choking 
the passage of the student from point to point in his educational career by 
subjecting him to countless examinations on entrance and throughout his 
academical course. It would be of incalculable advantage to the Empire at 
large if an extension of educational intereommunion, such as was inaugurated 
by the noble benefactions of the late Cecil Rhodes, could be secured through- 
out the Empire. Undoubtedly examination would be the surest test for 
determining the question of the admission of a student to the privileges of 
further education, if such examination could be conducted within a limited 
geographical area. But it is quite an impossible system if adopted as 
between the outlying parts of a greatempire. The United States of America 
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have taught us a better way. For instance, in the State of Minnesota, the 
University has legislated that if and when the Principal of a high school of 
recognised position certifies that a student has successfully pursued for a 
specified length of time those studies in that high school that would entitle 
him to admission to the university, he should be admitted thereto without 
further delay or hindrance. What a paralysing curse the Charybdis of 
examination has been to all true learning only those who have suffered 
from it for thirty years can bear adequate testimony. It would be one of 
the most fertilising sources from which to secure good and progressive citizens, 
if instead of admitting within her borders all or any who came of their own 
spontaneity or from compulsion (leaving their country perchance for their 
country’s good) the Government authorities in the Dominion could get into 
closer touch with the educational authorities of the Mother Country, 
who would act as guarantee that the material sent out by the Mother 
Country should be of an approved and first-rate quality. This might be 
worked on the American ‘accredited school’ system, under .which the 
authorities of the school sending the pupil should feel the maximum of 
responsibility in recommending his admission to the academical, or the 
technical, or the industrial organisations existing in the Dominion. 

Since penning the first sentences of the above paragraph last June my 
eye has been caught by a notice which appeared in the columns of the ‘ Times 3 
on the 28th day of that month while I was engaged in the very act of 
correcting the proofs of this address; but I prefer to leave the paragraph 
written as it stands, as the notice in question is an eloquent commentary on 
my suggestion of educational intercommunion. 

I may, perhaps, be allowed to read the extract from the ‘ Times ’ verbatim, 
though it may be familiar to some at least among my audience. It is headed 
‘ International Interchange of Students—a New Movement.’ 


‘We have received,’ says the ‘Times,’ ‘the following interesting par- 
ticulars of a new educational movement to provide for the interchange of 
University students among the English-speaking peoples :— 

‘The object is to provide opportunities for as many as possible of the 
educated youth of the United Kingdom, Canada, and the United States (who, 
it is reasonable to suppose, will become leaders in thought, action, civic and 
national government in the future) to obtain some real insight into the life, 
customs, and progress of other nations at a time when their own opinions are 
forming, with a minimum of inconvenience to their academic work and the 
least possible expense, with a view to broadening their conceptions and render- 
ing them of greater economic and social value, such knowledge being, it is 
believed, essential for effectual leadership. 


‘The additional objects of the movement are to increase the value and 
efficiency of, as well as to extend, present University training by the provision 
of certain Travelling Scholarships for practical observation in other countries 
under suitable guidance. These scholarships will enable those students to 
benefit who might otherwise be unable to do so through financial restrictions. 
It also enables the administration to exercise greater power of direction in the 
form the travel isto take. In addition to academic qualifications, the selected 
candidate should be what is popularly known as an “all-round”? man; the 
selection to be along the lines of the Rhodes Scholarships. 

‘The further objects are to extend the influence of such education in- 
directly among the men who are not selected as scholars (through intercourse 
with those who have travelled) by systematic arrangements of the periods’ 
eligibility while they are still undergraduates. 

‘To promote interest in imperial, international, and domestic relations, 
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civic and social problems, and to foster a mutual sympathy and understanding 
imperially and internationally among students. 

‘To afford technical and industrial students facilities to examine into 
questions of particular interest to them in manufactures, etc., by observation 
in other countries and by providing them with introductions to leaders in 
industrial activity. 

‘To promote interest in travel as an educational factor among the 
authorities of Universities, with a view to the possibility of some kind of such 
training being included in the regular curricula. 

‘To promote interest in other Universities, their aims and student life, 
the compulsory physical training, and methods of working their ways through 
college, for example, being valuable points for investigation. 

‘ To promote international interchange for academic work among English- 
speaking Universities; and, in the case of the British Empire, to afford 
facilities for students of one division to gain, under favourable circumstances, 
information relative to the needs, development, and potentialities of other 
divisions ; and to promote an academic interchange of students among the 
Universities of the Empire. 

‘ As already indicated, there is a widespread interest in the movements so 
far as the United Kingdom is concerned ; while in Canada and the United 
States there is also a widespread recognition of the value of the scheme ; and 
although committees have not been actually organised there as in this country, 
a very large body of the most prominent educationists are strongly in favour 
of the plan, and have promised their co-operation if the scheme is financed. 

‘It is proposed to establish two students’ travelling bureaux, one in New 
York and one in London ; an American secretary (resident in New York) and 
a British secretary (resident in London), both of whom shall be college men 
appointed to afford every facility to any graduate or undergraduate of any 
University who wishes to visit the United States, Canada, or the United 
Kingdom for the purpose of obtaining an insight into the student, national, 
and industrial life of those countries. The bureaux will undertake the work 
of providing information relating to United States, Canadian, British, and 
other English-speaking Universities for the use of students, undergraduates, 
and others. They will also provide information relating to educational tours 
of any description in English-speaking countries, and the arrangement of 
tours suitable to the needs of the inquirer with a view to his obtaining the 
greatest facilities for education with a minimum of expense. Furthermore it 
will be their duty to provide information as to the best places for the study 
of educational, governmental, industrial, and social problems in the United 
States, Canada, the United Kingdom, and other parts of the Empire, as 
well as to provide introductions to leaders in the above-named spheres of 
activity, besides undertaking the organisation and conduct of special tours 
for educational purposes, if necessary. : 

‘It is proposed to provide 28 travelling scholarships, 14 of these being 
available for Universities in the United Kingdom, 10 for Universities in 
America and four for Universities in Canada. The arrangements will be 
controlled by general committees, one for the United Kingdom and one for 
Canada and the United States, unless it is found necessary to inaugurate a 
separate committee for each of the latter.’ 


You will observe then that a scheme which I had ventured to suggest 
as being ‘of incalculable advantage to the Empire’ had, before I wrote 
the words quoted, been advocated entirely without my knowledge by a body 
of influential educational leaders in England, whose names were appended 
to the notice which I have read ; and I need only add that it is quite certain 
that I am interpreting the sentiments of all here assembled in wishing 
God-speed to the development of the scheme, which seems likely to prove, 
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if carried into effect, a great, if not the greatest, educational factor of 
Imperialism. 

But it may be objected here, Is not your own horizon circumscribed ? 
Why shouid educational ideals be limited, even by so extended a conception 
as Imperialism? Should not the ultimate aim of all education be, not the 
federation of one race only, but the federation of the world at large—the 
brotherhood of man? 

I am not concerned to deny that such a lofty conception is the true 
end of all physical, moral, and mental training. 

But if the master mind of a Milton was content to define true education 
to be ‘ that which fits a man to perform justly, skilfully and magnanimously 
all the offices, both public and private, of peace and war,’ it may well suffice 
us if we extend our (at present) too narrow conceptions (the aim of which 
seems to be the cultivation of a mere island patriotism) to a sphere which 
has for its end the imperialistic sentiment of a whole race. 

It may indeed be well doubted whether a race-sentiment is not an 
ultimate factor beyond which it is impossible in an imperfect world to 
go. Universal philanthropy in its most catholic sense is a sentiment 
‘which the limited conditions of the earth’s surface seem to render im- 
possible, As long as men’s ambitions are an unlimited quantity, and as 
long as the habitable globe remains, as it ever must remain, a limited 
quantity, so long will the populations of the world be continually liable to 
shifting movements and frequent dislocations. Practical educationists, 
then, must inevitably confine the scientific consideration of aims and 
methods in education to the development of the highest interests of their 
race rather than of mankind at large. : 

And that being so, the last point on which I would insist in dealing with 
the educational factors of Imperialism is to emphasise the importance of 
what the educationists of the United States call ‘civics’ as the binding 
power which should fasten together all the separate educational faggots in 
any Imperial scheme of education—the duty of personal service to the State, 
the positive obligation which makes us all members incorporate in one 
Imperial system. In our love of individual freedom, in our jealousy of inter- 
ference with our individual liberty of action, in our insular disregard and 
depreciation of intellectual forces working in our sister communities beyond 
the seas, we have lost sight of this civic responsibility which has ever lain 
on our shoulders and from which we can never dissociate ourselves, so long 
as our Empire remains as part of our ancestral heritage. 

It is this positive duty towards each other and our race beyond the seas 
which those who live in our island home have been slow in realising, and it 
has been a real blot on our educational system that such ideas as Imperial 
responsibility and Imperial necessities have not been inculeated in the young 
people in our schools and colleges. As an illustration, I may observe that it 
has been even debated and doubted in some responsible quarters in England, 
whether the Union Jack should wave over our educational institutions on 
the days of national festivity and national observance. 

To sum up. By these, and other kindred means, I would urge a closer 
educational touch between the Mother Country and the Empire at large. 

Long ago a great Minister was able to say: ‘ Our hold of the Colonies is 
in the close affection which grows from common names, from kindred blood, 
and from similar privileges. These are ties which, though light as air, are 
strong as links of iron.’ 

But times have changed. To-day we are confronted with the problems of 
a vast and complicated Kmpire—great commonwealths, great dominions, 
sundered from each other by long seas and half a world, and however closely 
science has geographically brought them together, we cannot in soul and 
sympathy, nor ultimately in destiny, remain attached, affiliated as mother 
and children should be, unless we grapple to each other and understand each 
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other in the greatest of all interests—the educational training which we give 
to our children in the one part of our Empire, to make them suitable 
citizens in another. 

In suggesting reforms and modifications in which this educational unity 
may best be expressed, forgive me if I have but touched, and touched in- 
adequately, on the fringe of a great subject, the transcendent importance of 
which it requires no elaboration of mine to impress on the earnest attention 
of the people of this great Dominion—which great Dominion may I be 
allowed to salute, without flattery or favour, as the most favoured by 
natural beauty and by virgin wealth of all the children of our common 
Motherland? May I salute her in terms which formed the old toast with 
which the two greatest of our English public schools, Winchester and Eton, 
pledged each other when we met in our annual cricket contest: Mater 
pulehra, filia pulchrior! 


The following Papers were then read :— 
1. Discussion on Moral Instruction in Schools. 


(i) Moral Education in Schools. By Professor L. P. Jacks. 


The demand for moral teaching has arisen, in the first instance, from 
the obvious consideration that the spread of knowledge through general 
education is socially dangerous when unaccompanied by moral advance. 
The demand has been greatly reinforced by the growth of the Imperial idea, 
which is awakening the national conscience and confronting the individual 
citizen with enlarged responsibilities. The moral needs of the Empire are 
such as to constitute a demand for ‘ super-men.’ Efficiency is the word 
generally employed to express this fact, but ‘efficiency’ means in this 
connection not merely technical knowledge in trade and courage in 
war, but moral qualities of a higher order still. The relations in which 
the Empire stands to its powerful neighbours demand from its citizens 
magnanimity and consideration for the rights of others ; while the problem 
of subject races suggests the need of a highly developed humanitarian spirit. 

Schoolmasters have been among the first to feel the pressure of these new 
demands, and the result is to be seen in reforms which are taking place in 
the Universities, in public schools, and in primary education. In each case 
the object seems to be the training of character on lines more in harmony 
with the vast responsibilities of the Empire. The effort is being made to 
develop by various means the heroic element in the temper of the com- 
munity. Among the means employed the love of one’s country has a chief 
place. The Empire is being shown as an object of such commanding worth 
in the world’s history that the boy may come to regard it as demanding his 
self-devotion. 

The virtues cannot be imparted one by one to young minds; nor should 
morality be made one among a number of set subjects. What is needed is 
the idea of an ‘end’ which by becoming a principle co-ordinates the pur- 
poses of life. This is supplied in all teaching which promotes loyalty to 
the State, and the conditions of the Empire make the present highly favour- 
able for a vigorous enforcement of this principle. On the other hand, all 
attempts to teach the virtues departmentally will probably fail to produce 
moral action when the subject of such teaching is confronted with the 
actualities of life. Morality in education is rather the name of a method, 
which should dominate the teaching of all subjects, than an independent 
subject in isolation from the rest. 

A further mistake is that of supposing that the virtues can be taught 
to the young according to a fixed pattern. The attempt to do so leads 
inevitably to reaction against the idea of morality; and it has to be 
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remembered that the value of all teaching is measured by the kind of 
reaction it provokes in the mind of the taught. In this lies the greatest 
danger of the moral teacher, inasmuch as he cannot control the reaction of 
his pupils’ minds. He may, however, put a wise trust in the sanity of 
Nature. His task is to explain the truths of their environment to young 
minds in such a light that the facts themselves when so explained become 
incentives to moral action. Thus certain facts of geography become morally 
stimulating when they are presented as human facts. In all this the 
teacher has the warrant of the philosophical principle that the ‘ Real is the 
Ideal.’ No fact is truly explained until some element of idéal worth has 
been shown to exist in it. To show this is moral education. Direct exposi- 
tion of the moral law is valuable only when it points to a field of exercise 
where its principles are waiting to be realised. 

The demand for moral education has an unwelcome aspect in so far as 
it may be thought to proceed from parents who are anxious to escape from 
responsibility. The school can never replace the home in the matter of 
moral teaching. It would be well, therefore, if professional teachers were 
to imitate the methods of the Japanese by giving a large place in ethics to 
the strengthening of the family tie. This is enough to suggest that the 
problem of moral education is as much the concern of women as of men. 


(ii) The Evidences of Moral Education. 
By Huau Ricwarpson. 


Much interest has been roused in England by the First International 
Moral Education Congress, which met in London in 1908. The papers read 
express the ideals of the authors and the means by which they think those 
ideals might be attained. 

There is, however, extraordinary little evidence at to what results have 
actually been produced ; still less is there any evidence as to which processes 
have produced which results. This weakness of evidence is in marked 
contrast with the stringency usually demanded in scientific investigations. 

It was suggested that useful work might be done by Section L in criticising 
alleged results of special methods in moral education, and in exacting much 
stricter standards of evidence. 

Ideals and enthusiasm are invaluable in education. But enthusiastic 
idealists are not always the coolest critics of their own labours. The work- 
ings of the human mind are open to scientific inquiry. Common phenomena 
and accepted opinions have often repaid severe examination. 


2. Exhibit of School Drawings illustrative of English Life. 
By F. 8. Marvin. 


FRIDAY, AUGUST 27. 
The following Papers and Report were read :— 


1. The Aims of MacDonald College. By Principal J. W. Rosertson, 
C.M.G., LL.D. 


We in Canada have problems to solve which are peculiar to our com- 
munity ; problems due to our youth, our wealth, our great stretch of territory, 
for we are continent wide. By education we hope to solve our problems, and 
MacDonald College has been provided by the generosity of Sir W. A. 
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MacDonald as an experiment and illustration in education for the better- 
ment of rural life in Canada. We seek to shift the emphasis from training 
for letters to training for life. In part the college has grown out of the 
school garden movement, in part out of the manual training work which is 
being given through Canada under the leadership of English teachers. In 
part it has grown out of the desire for educational leadership in face of the 
need for training the children so as to fit them for rural life. 

In the college we train and instruct young men and women for the three 
fundamental mothering occupations of a young people—first, farming; 
secondly, home making; thirdly, the teaching of the children. We carry on 
our work in each of these three fields in close co-ordination. It is not 
technical education that we aim at putting in the schools—the word 
technical has a catchy quality and often covers a multitude of shams. 
What we seek to do is to so readjust the work of the schools that it will have 
a bearing on the life interests, the opportunities, and the occupations of 
the rural districts. From the courses of study in many rural schools to-day 
one could not gather that the parents of the children had any concern with 
the soil, with crops, or with animals. 

Our school course begins with nature study. We are a part of nature; 
our lives follow natural processes under natural laws. A study of nature 
lies at the beginning of all true education; through it we can train the 
children to observe, to investigate, to think, and to understand, and at the 
same time they are doing things and forming habits of work.. Moreover, 
nature study deals with facts and principles on which systematic study of 
agriculture must be based. 

To nature study we add manual work both for boys and girls, as much for 
the mental qualities it gives as for the co-ordination and ready co-operation 
of hand and eye. Here is something on which the student can decide for 
himself whether it be well or ill done, something that does not need to be 
assessed by the master’s blue pencil, something in which consequences can be 
clearly traced from causes ; ill-made work will not stand. Through such work 
the pupil learns self-reliance, learns the inevitability of consequences, learns 
to work to satisfy himself. As an educational subject it only falls short of 
nature study in that it does not deal with living material. 

Finally, we teach the domestic sciences, the art of home-making, neces- 
sary and fundamental everywhere, but nowhere more than in the haste and 
struggle of a young community absorbed in the pursuit of material good. 

For the bare maintenance of human life there is need for practical educa- 
tion, much more for the maintenance of our institutions and means of culture. 
Our teachers must be more than teachers of letters, they must be teachers 
of men. They must have sympathy, insight, knowledge, energy, enthusiasm, 
and unselfishness. Under such teachers alone can national safety and progress 
in all worthy ways be secured. 


2. Practical Studies in Elementary Schools. By W. M. Heuser, B.Sc. 


3. Manual Instruction in Elementary Schools. By Wauter Sarcent. 


Manual work is winning recognition as a necessary factor in elementary 
education. First, on the ground that it is essential to general educational 
development and valuable alike to the artisan and the scholar. Secondly, 
because it can be so presented as directly to promote industrial efficiency. 

The most important arguments for manual work as a cultural subject may 
be summed up as follows :— 

It insures a proper balance of motor and intellectual activity, to the 
advantage of both; it develops ability to express ideas in material form; 
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it brings the tonic effect of dealing with the unvarying laws of matter and 
being compelled to face the obvious fitness or unfitness of the visible results ; 
it awakens the healthy pleasure of shaping material to a predetermined 
form by patience, foresight, and skill. 

So much progress has been made with manual work as a cultural subject 
that the author left that phase in order to consider the question whether 
manual work for the purpose of industrial education should be given any 
place in elementary schools or not. 

The fact is significant that in many localities 80 per cent. of the pupils 
leave at or before the close of the elementary course. These children drift 
into unskilled occupations, taking whatever work pays best. They are likely 
to spend two important years in employment which awakens no industrial 
interests and offers no vocational outlook. 

Should not elementary schools provide, in an optional course, training 
planned definitely to promote industrial efficiency and awaken industrial 
interests, even if this necessitates work which involves a utilitarian test of 
the product? It was urged for these 80 per cent. that the elementary school, 
from which they go directly into industry, should as compensation give them 
only cultural studies. No sharp definition exists, however, between cultural 
and industrial education. Most of the activities which raise men from 
savagery involved a utilitarian test of their results. ‘ Utilitarian ’ is a word 
the meaning of which becomes more inclusive with advancing civilisation. 

Experiments with an optional course in which pupils, during one hour 
each day, made boxes, portfolios, &c., in quantity for the city, have been 
tried, and show the following results :— 

1. Interest in economy of material and time. 

2. A willingness to contribute the product to the city, showing that the 
motive of ownership of the results is not necessary to interest. 

3. No loss of thoroughness in other school subjects. 

4. Increased efficiency in planning and handling material. 

5. Interest in and attraction to more complete industrial courses. 

Some of the pupils who leave school at fourteen years of age to enter a shop 
instead of a high school do so because of financial stress. Co-operation 
between high school and shop, which allows half time in each, promises to 
meet many of these cases. A larger number leave because they and their 
parents feel that work is more worth while. The influence of well-planned 
industrial courses will tend to keep these pupils to the end of the elementary 
ecurse and interest them to enter high schools equipped with similar courses. 


4. London Trade Schools. By C. W. Kimuins, M.A.; D.Sc. 


The problem of problems in London and elsewhere is to prevent children 
of fourteen years of age drifting into unskilled labour in which there is 
no element of permanence. The difficulty is increased by the decay and 
gradual disappearance of the apprenticeship system and the altered con- 
ditions of employment in workshops which make them unsuitable places for 
the training of craftsmen. 

An elaborate scheme of junior, intermediate, and senior scholarships 
established by the London County Council makes ample provision for the 
brilliant children of the London elementary schools. The really capable 
child, even of the poorest parents, may reach the highest position by means 
of the scholarship ladder, passing at the age of eleven years into the secondary 
school, and thence by means of scholarships at the age of nineteen to 
the university or higher technical school. Provision is also made for the 
transference of children who do not reach scholarship standard to pass on 
to a higher form of elementary school in which a special bias may be 
given in training for commercial or industrial life in a course of instruction 
extending for a year or two beyond the age of compulsory attendance. 
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The Trade School, however, is of a very special type for children who 
have to enter upon their life’s work at the age of sixteen or seventeen, and 
who have already decided upon the trade they wish to enter. The age of 
entry into the trade school coincides approximately with that at which the 
boy or girl normnally leaves the elementary school, viz., thirteen or fourteen 
years of age, and the course of instruction lasts for two or three years. 

In London the boy or girl of fourteen who is physically strong and has 
received a fairly good education has no difficulty whatever in obtaining 
employment at a rate of remuneration which appears liberal for a child 
of this age. The consequence is that in the elementary school the vast 
majority of the children leave immediately they reach the age of fourteen 
and become wage-earners. In order to keep children at school above the 
compulsory age for any definite period it is absolutely necessary not only 
to give them free education, but, in addition, maintenance scholarships 
which will recoup the parents to a certain extent for the loss of the earnings 
of.the children. 

The scholarships for trade schools for boys extending over a period of 
three years are generally of the value of 61. for the first, 101. for the second, 
and 15]. for the third year. The trade schools for girls generally have a two 
years’ course, and the value of the scholarships is 81. for the first and 121. 
for the second year. Unsuccessful candidates who do not obtain scholarships 
may be awarded free places. For other pupils a low fee of generally 10s. 
a term is charged. 

No candidate is eligible for a scholarship whose parents or guardians 
have an income which exceeds 1601. a year from all sources. 

The special features of the London trade schools are :— 

(1) The assistance given in the direction of the trade teaching by con- 
sultative committees of business men and women engaged in the particular 
trades for the training in which the school provides. 

(2) The appointment of After-Care Committees, the members of which 
interest themselves in the scholars and advise them with regard to employ- 
ment at the conclusion of the school course, and afterwards see that the 
conditions of their employment are satisfactory. 

(3) The continuance of the general education of the pupils, only about 
one-half to two-thirds of the school time being given to actual workshop 
instruction. 

(4) The prominence given to art instruction, not only in the technical 
requirements for the particular trade, but for the general development of a 
high standard of taste. 

(5) The employment of teachers who have attained distinction as prac- 
tical workers, and who approximate the instruction as far as possible to 
workshop conditions. 

(6) The holding of exhibitions of students’ work to which employers 
are invited and at which offers are frequently made for the employment ot 
students. 

Trade schools for boys have been established in engineering, silversmith- 
ing, bookbinding, furniture and cabinet making, carriage building, art 
wood carving, and various branches of the building trades. The trades for 
which schools have been established for girls are trade dressmaking, laundry 
work, upholstery, ladies’ tailoring, waistcoat making, corset making, mil- 
linery, designing and making ready-made clothing, and photography. 

The development of trade schools in London is proceeding rapidly. The 
competition for the scholarships is becoming keener every year, and the work 
of the students is finding increasing favour with employers. No difficulty is 
experienced in finding suitable employment for boys and girls who have 
passed through the schools successfully. 
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5. University Policy. By Dean F. F. Wrssroox, M.A. 


The author referred to the beginning of the University of Manitoba, 
and paid a tribute to the heroic, self-sacrificing, and unremitting labour of 
the pioneers in college education at a period in the development of the province 
when most communities provide only for urgent material needs. He deplored 
the failure of the province to follow up the initial activity in university 
matters in a manner comparable to the material progress of the province. 

The different types of universities were discussed, and it was assumed 

that all universities should not only accumulate and dispense knowledge, 
but that Federal, State, or Provincial universities should specialise in the 
application of culture and science to the betterment of the whole people 
and the logical conservation and development of natural resources. 
- Under these circumstances, the development of the universities of 
Western Canada and the newer States of the Union should have many, if 
not most, of their problems in common, and might perhaps better emulate 
the provincial and newer British universities than those of Oxford and 
Cambridge or of Harvard and Yale. 

The impossibility of separating absolutely the accumulation of know- 
ledge for its own sake from research which might be immediately applicable 
to human betterment and the practical things of life was pointed out. 

The magnificent support given by certain of the State universities such 
as Wisconsin, Minnesota, Illinois, Michigan, Iowa, and others, was men- 
tioned, and a number of ways in which Wisconsin and Minnesota were able 
directly to benefit their people were discussed in detail, as illustrating some 
of the functions of a State university in the endeavour to make it an expe- 
rimental arm of the Government service and a leading force for the 
scientific improvement of social and economic conditions. 

The importance of having all departments of university activity in 
close contact and sympathy was magnified, in order that the best possible 
team work might result. This means large ideas of expenditure in the 
first place, the provision of a sufficient site, and perfect co-ordination 
throughout all departments at all times. 

Organisation was not discussed in detail, except to point out the very 
great difference between the democratic form of government at Oxford and 
Cambridge, whereby the alumni of the institution have complete control, 
as contrasted with that of the State universities of the United States, 
where the Government controls the institution entirely. It seemed to the 
speaker that alumni representation need not be insisted upon, since if the 
university fulfils its function of bettering the citizens, as a natural 
sequence, the alumni will, within a relatively short time, be the natural 
leaders in the community. 

This means adequate financial provision for all the newer universities, 
where work in all departments must be initiated and maintained. The 
millions of dollars appropriated as endowment and for m&intenance of 
the State universities was gone into somewhat in detail, and the point was 
very strongly made that State universities need not be divorced from the 
acceptance of private gifts. It was urged, however, that in the acceptance 
of private donations the conditions imposed be as flexible as possible; 
otherwise, in later years it might be found that gifts were not only of 
diminishing value to the university, but might be found to be actually em- 
barrassing. 

Reference was made to the work and reports of the Carnegie Foundation, 
and the hope was expressed that through careful study of all of the 
universities of this country and Europe, by a system of carefully stan- 
dardised inspection, results might be tabulated which would enable the 
universities to see their deficiencies and correct faults. 

The magnificent work of the American Medical Association, through its 
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Council on Medical Education was referred to as illustrating the value of 
inspection and published reports. 

In conclusion, the author congratulated the province of Manitoba on the 
work of the present university staff, and begged that they might receive 
adequate support. It was stated that the benefit accruing to Manitoba was 
not due to her provision for university development, but rather to the super- 
human efforts of a few men, who are wearing themselves out for a province 
which has been slow to see her own needs. These men should not be 
allowed to wear themselves out entirely in routine teaching and develop- 
mental lines, with little in the way of opportunities for creation except 
those seized by them at the expense of their own health and welfare. 
Pioneers bring with them the civilisation of the older countries and are 
strenuously endeavouring to utilise the wisdom of their fathers and to 
avoid unnecessary complications and mechanisms. At best the universities 
must begin with a few years’ handicap, but in these days of rapid transit 
and instantaneous communication it does not take long to convert natural 
resources into available capital, and the cultural and historical handicap 
will be found to be a rapidly diminishing one, for which even in the earlier 
years there may be some compensation in the absence of embarrassing 
precedent. 

The Manitoba authorities were urged to expend at this time large sums 
of money as a good investment, which will be returned many times over in 
the next few years of development. 


6. The Activities of the State University. By Dr. W. A. McInryrn. 


The ends to be attained by the State university are primarily social. 
Through it the life of the people is to be quickened and enriched. Its 
aim is not ‘ culture for its own sake,’ but ‘ culture for the sake of humanity.’ 
Its objective must be not mere scholarship, but life. 

The means to be employed for the attainment of its ends are a central 
College of Arts, Science, and Literature, and a series of technical schools 
suited to local needs. 

The subjects emphasised in the College of Arts and Science will vary 
with time and locality. In western life we require to emphasise at the 
present time social science, language, art; the first because our problems 
are mainly social, the second because we live through getting and giving 
thought, and the third because there is danger of over-intellectualisation 
and sterilisation of the feelings and will. The study of an ancient language 
should not be compulsory. It will debar too many worthy students. 

The technical schools must be established by design, and not because of 
the importunity of those who wish to create a close preserve. There is a 
principle of selection. As the great activities of a people are expressed 
by such terms as production, transportation, exchange, education, legis- 
lation, protection, schools should be established to direct effort in all lines 
indicated by these words. There will therefore be schools of agriculture, 
mining, fisheries, forestry, &c., and schools corresponding to the leading 
industries of the State. These will be the first to receive willing recog- 
nition. There should also be a school in which the principles of transporta- 
tion are set forth. We cannot for ever be governed by commissions who 
have to learn their duties after appointment to office. Then there must 
be a commercial school. The professional schools must be extended to 
include the profession of most importance to the State, namely, education. 
A system of elementary education cannot stand alone. It must be directed 
by those who see the end from the beginning; Then there must be a school 
in which the elements of criminology may be taught. 

This outline is but suggestive. No mention has been made of physical 
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and moral education, of libraries and dormitories, and of original research, 
but these are all important, for the university must attend to everything 
that affects life. The majority of students get more from association than 
from class teaching. 

The student at a university has a right to expect not only that his 
knowledge will be increased, but that he will enter into a larger, fuller 
life. The State has a right to expect that every calling—even the humblest 
—will receive benefit from an institution it creates and supports. If not, 
wherefore should the support be given ? 


MONDAY, AUGUST 30. 


Joint Discussion with Section E on Geographical Teaching.—See p. 532. 


The following Papers were then read :— 


1. Practical Work in Evening Schools. By W. Hewirt, B.Sc. 


The evening school has a distinct and well-recognised place in the 
existing educational system in England. The special character of its work 
is determined by the fact that the large majority of students have already 
entered upon some definite daily occupation and require a training which 
will give them that broader knowledge and intellectual understanding of 
their trade or profession which modern industrial conditions do not pro- 
vide. The desire of many students to confine their attention to a narrow 
range of_specialised technical knowledge has to be overcome by seeking, 
through the medium of the materials, machinery, and processes of their 
trade, to arouse an interest in the underlying principles and in the necessary 
mathematical, geometrical, and experimental discipline. The recent general 
introduction of systematic courses of work into the evening school system is 
tending to bring about a better co-ordination of these necessary intellectual 
methods with the purely professional or mechanical instruction. 

For the younger industrial students a course of practical work should 
include (a) simple experimental work in mechanics, physics, and chemistry ; 
(b) measurement and drawing to scale with instruments; (c) practical 
exercises in the proper and intelligent use of the tools and simpler machines 
connected with the trade—each of these sections being utilised to suggest 
direct exercises in calculation, graphical representation, and clear literary 
statement. For older students who have a greater practical knowledge of 
their craft a different course is necessary—introducing and explaining 
modern developments in machines and processes, explanation of the causes 
of successful and unsuccessful operations, and, where possible, experimental 
exercises in testing the strength and character of materials or the results 
obtained from a machine or piece of practical apparatus arranged for 
experimental purposes. 

In all cases the interest of the student is to be sought by approaching 
the subject through familiar trade details or phenomena, and letting the 
necessary mathematical, graphical, or scientific developments arise naturally 
therefrom. The practical handicraft exercises should be selected so as to 
combine accurate work to drawing and scale (including, where necessary, 
geometrical projection or development), and, when possible, leading to the 
production of an object which embodies a scientific principle associated 
with the theoretical instruction of the lecture-room. The apparatus for 
experimental work should be on a scale large enough to be commensurable 
with actual workshop conditions, and appealing to the student as leading 
to results as applicable in the workshops as in the laboratory. 
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2. Nature Study in Secondary Schools. 
By Miss Lintan J. Cuarge, B.Sc. 


TUESDAY, AUGUST 31. 
The following Papers were read :— 


1. Education and Experimental Psychology. 
By Professor Huco MunstTuRBERG. 


There is a striking contrast between the attitude of the British and the 
American educators towards psychology. In England psychology is neglected 
in the schools ; in America its value is over-estimated. This neglect causes the 
means of education to remain old-fashioned and clumsy instead of profiting 
from the progress of science, just as if the farmers were to refuse the help of 
scientific chemistry. On the other hand, the danger of over-estimation is not 
less grave. The American educator, who wants to subordinate the whole 
education to scientific psychology, ignores the fundamental fact that a science 
can give us only the means, but never the aims. Not psychology, but ethics, 
must show us the goal before science can teach us how to reach it. The 
psychologist may show how the pupil’s mind imitates, but he can never 
decide what is worthy of imitation. In the same way the psychologist 
can easily find the ways to hold the attention of the child, but cannot 
decide which kind of attention is desirable. Anything which is loud and 
shining and entertaining may attract the attention, and yet inquiry into 
the true aims of education will convince us that it is ruinous to turn the 
attention to the interesting material instead of learning to attend to that 
which demands effort. 

Moreover, the psychological attitude demands an analysis of the 
personality; the child is looked on as a combination of mental elements, 
in the same way as the physicist looks on the physical thing as a combination 
of atoms. But that produces in the teacher a tendency to inhibit those 
emotional responses which refer to the pupil as a real unified personality. 
Yet tact and sympathy, and love and interest are still more important in 
the schoolroom than the scientific understanding of the child. 

But if these dangers are well understood, there cannot be any doubt 
that the knowledge of experimental psychology ought to be at the disposal 
of the teacher as much as experimental physics is at the disposal of the 
bridge-builder and engineer. This is the more true since in recent years 
the work of the psychologist has turned directly to the pedagogical 
problems. The author gave a déscription of experiments from his own 
psychological laboratory in Harvard University, all of which involved 
suggestions for new methods of instruction. They referred especially to the 
psychology of memory, attention, imagination, perception, and will, and 
to the psychology of reading, writing, and arithmetic. 


2. Discussion on Education as a Preparation for Agricultural Life in 
Canada, with special reference to Schoolboys from the Mother 
Country. Opened by the Rev. Dr. H. B. Gray. 


(i) Agricultural Courses in High Schools. By S. BE. Lane. 


The severest critics of our too bookish education are those connected 
with the agricultural interest. Many devices have been suggested with a 
view to giving an agricultural bias to our elementary education. An 
effort is now being made to give the teachers such an interest in 
agriculture as may influence their teaching in our rural schools. The 
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place, however, for serious work is in the high school. A course in 
agriculture at that point would form a much needed connecting-link 
between the rural school and the agricultural college. 

Agricultural high schools have been recently established in a few of 
the States and in certain provinces. Some of these are independent 
high schools, and some are in the form of courses running parallel with 
existing courses. Georgia has made more generous provision than any 
other State, having established an agricultural high school in every one 
of the fifteen Congressional districts, and set aside for their support the 
proceeds of a tax on fertilisers. Short courses have been established in six 
colleges in Ontario. 

The author considers that agricultural courses should be established in 
the provincial high schools. The chief difficulty will be that of securing 
teachers. The regular science course conducted by the regular high school 
teacher will not serve the needs of the student of agriculture. Unless 
very happily constituted, specialists in pure science are apt to lose touch 
with the working-day world. A study of insects simply as evolutionary 
forms is one thing; a study of insects in relation to food plants is 
another. The teacher of agriculture cannot afford for a moment to forget 
the principle which must govern the management of these studies, namely, 
the social aspect of human activities. The principle suggests that it is 
far better to study the food plants in relation to food supply and their 
structure and growth with a view to their improvement, than to discuss 
their relationships abstractly and describe the facts of reproduction and 
growth with no practical end in view. 

A course could easily be arranged quite as strong and solid, quite as 
educationally useful, and quite as satisfactory on the side of general 
culture as any of the courses now established. It must be strong on the 
practical side, but it need not be costly. The teacher can readily 
make arrangements for stock-judging and the study of machinery. For 
the purpose of experimentation with plant growth a quarter of an acre 
should serve as well as a quarter section. 'The teacher must be a man of 
insight, courage, and inventiveness; must create his own methods; and, 
above all, be alive to the needs of the community. Left entirely to itself, 
and out of touch with the community, an apostolic succession of school- 
masters would presently develop a ritual and routine of Egyptian 
formalism. The course and the teacher must command the confidence of 
the farmers, and the course should lead the student directly into the 
university. 


(ii) Household Science Teaching in Canada, with particular reference to 
Advanced Work in Ontario. By Miss C. C. Benson. 


The work on household science leads directly to preparation for family 
life, and strives to remedy the defects of its disintegration, and is therefore 
of importance for all countries. 

The classes in elementary schools are taken in connection with other 
classes. 

The Guelph Home-makers’ courses are offered to farmers’ daughters, 
helping to train them to make the best of and to improve home conditions, 
and in both Guelph and Toronto courses are offered as preparation for teachers 
of household science. These and similar courses serve as preparation for 
the work of matrons and housekeepers in hospitals, schools, and public 
institutions. 

The University of Toronto offers a four years’ course, leading to the 
degree of Bachelor of Arts, which is quite similar to the other science 
courses there given, allowing, however, special study of household problems, 
as a chemistry course would allow a special study of some branch of that 
subject. 
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(iii) Colonisation of English Women in Western Canada. 
By Mrs. Hopkinson. 


There are many girls now training in England who would be most 
admirably fitted to settle here. Girls with good school education, who in 
their later educational years do not turn to the women’s colleges of a 
purely educational character with a view of ultimately becoming teachers, 
or to other indoor occupations, but by temperament and strong desire are 
led to seek outdoor pursuits in the hope and certainty of being able thus 
and more agreeably to themselves to earn their own living. 

Opportunities are given for such outdoor training at various institutions 
in England, the one I am more nearly connected with being the Swanley 
Horticultural College in Kent for girls, which in 1891 threw its doors open 
to women, and ultimately became exclusively a women’s college. Here are 
taught horticulture in all its branches, fruit culture, bee-keeping, dairy 
work, poultry-keeping, market gardening, sale of produce, landscape 
gardening, and nature study. And at the colonial branch of this college 
all the various domestic pursuits in simple form are taught, to fit the girls 
for colonial life. I read in the admirable paper the Principal of Swanley 
College lately gave at the International Union of Women Workers’ meeting 
in this country, that of Swanley students holding posts out of England one 
is a head gardener in Canada and one in Nova Scotia. Another had charge 
of a few large school gardens in a town in South Africa, which she has 
laid out and planted. One is an apiarist at a State farm in New Zealand. 
Two are lecturers on gardening schools in Germany. Another has started 
a small horticultural school in Switzerland, and yet another a similar one 
in Sweden. 

We know that not a few of those still at home are fired with enthusiasm, 
and are prepared to try their future here and help with the development 
of the country; even prepared to introduce a little capital if suitable 
settlements are established—say, on a moderate acreage of land ready 
for cultivation, and so in a condition to return income speedily—with a 
dwelling-house on the land; a settlement, in short, to which they could 
come for some preliminary training in local conditions, bringing with them 
their English knowledge of the outdoor occupations of which I have spoken. 
Thence they could pass on, possibly to gardens of their own, or to posts as 
home helps, with the trained outdoor knowledge, which must be indeed 
useful to anyone in this country of growth and fertility. Such settlements 
or training centres would also form a home—essential to those with few 
friends in a new country—to which they could return in holiday time or 
in case of loss or of interrupted occupation, the conditions of such return 
to be made very easy. 

I know in England we could send out the right women and suitable 
lady superintendents to manage such homes. We believe that settlements 
like these would help both countries by introducing the right girls here and 
relieving the pressure over there. 

T throw out these suggestions in case any strong hand from here will be 
held out to us to help in the expansion of this work. We would do our 
utmost to further it in England, and you will see we have made a hopeful 
beginning here. 


(iv) Practical Work in Higher Education. By Miss H. D. Oaxtey. 


The subject under discussion, that of the movement for introducing 
more practical outlook into higher education, seems to me, in spite of its 
utilitarian appearance, eminently philosophical. For throughout all the 
schemes it is the end, the goal, which is directing and regulating the 
means. With reference to the disintegration of home life, to which the 
President referred, the home science and economic scheme is an effort to 
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combat this in the way that belongs to the present age, 7.e., by expressing 
the value of home life in scientific terms. In the course about which I 
know most, that of King’s College for Women, one means taken to secure 
our ends is by the place given to economics. The students are constantly 
reminded that the sciences underlying home life must not be studied in 
isolation, but in relation to the whole of modern life. Biology is also made 
a fundamental subject for kindred reasons. I have no time in which to 
show how the courses in England differ from those described by Miss 
Benson. In the main the ends are the same. Perhaps the English students 
are preparing for a greater variety of careers than those who take up these 
subjects here, e.g., social settlement work, health visiting, social work in 
rural villages, as well as for the teaching of domestic science in a more 
scientific way than it has been taught up to the present. 


3. The Organisation of Education in Manitoba. By R. FLETCHER. 
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EVENING DISCOURSES. 


THURSDAY, AUGUST 26. 


The Seven Styles of Crystal Architecture. 
By Dr. A. E. H. Turton, F.R.S. 


The proverbial importance of the number seven is once more illustrated in 
regard to the systems of symmetry exhibited by solid matter in its most perfectly 
organised form, the crystalline. For there are seven such systems or styles of 
architecture of crystals, just as there are seven distinct notes in the musical 
octave, and seven chemical elements in the octave or period of Newlands and 
Mendeléeff, the eighth or octaval note or element being but a repetition on a 
higher scale of the first. 

A crystal appeals to us in two distinct ways, first compelling our admiration 
for its beautifully regular exterior shape, and next impressing us with the fact of 
its internal homogeneity, expressed in the cases of transparent crystals by its 
perfect limpidity, and the obvious similarity throughout its internal structure. 
As it is with human nature at its best, the external appearance is but the expres- 
sion of the internal character. 

The purpose of this discourse is not so much to dilate upon the seven geometri- 
cal systems of crystals, as to show how they are occasioned by differences in the 
internal structure, and to demonstrate this internal structure in an ocular manner, 
unfolding at the same time some interesting phases of recent investigation. 

In order to remind ourselves of the seven crystal systems, a series of seven 
lantern slides will be exhibited, prepared from photographs of real small crystals, 
taken by the lecturer with the aid of the microscope and camera while in the act 
of formation on a microscope slide. To the Greeks, whose wonderfully perfect 
knowledge of geometry we are ever admiring, the cube was the emblem of 
perfection, for like the Holy City, lying ‘ foursquare,’ described in the inimitable 
language of the book of Revelation, ‘The length and the breadth and the height 
of it are equal.’ Moreover, even when we have added that all the angles are 
right angles, these are not the only perfections of the cube, for they carry with 
them, when the internal structure is developed to its highest possibility, no less 
than twenty-two elements (thirteen axes and nine planes) of symmetry. 

At the other extreme is the seventh, the triclinic, system, in which the sym- 
metry is at its minimum, neither planes nor axes of symmetry being developed, 
but merely parallelism of faces, sometimes described as symmetry about a centre, 
and in which there are no right angles and there is no equality among adjacent 
edges. Between these two extremes of maximum and minimum symmetry we 
have the five systems known as the hexagonal, tetragonal, trigonal, rhombic, 
and monoclinic, possessing respectively, 14, 10, 8, 6, and 2 elements of symmetry, 
Photographs of real crystals belonging to all these seven respective systems 
will now be thrown on the screen. All crystals do not possess the full 
symmetry of their system, each system being subdivisible into classes possessing 
a definite number of the possible elements. Altogether there are thirty-two 
such classes, and their definite recognition we owe to the genius of von Lang 
and Story Maskelyne. 

The characteristic property possessed in common by all crystals is that 
the exterior form consists of and is defined by truly plane faces, inclined, in 
accordance with one of the thirty-two classes of symmetry, at specific angles 
which are characteristic of the substance. This has only been proved to be an 
absolute fact within the last few years, although asserted by Haiiy so long ago as 
the year 1783 ; for the numerous cases of so-called ‘ isomorphous’ salts, the first 
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of which were discovered by Mitscherlich in the year 1820, were for long believed 
to be exceptions, and until the year 1890 no actual evidence one way or the other 
was forthcoming. But it was eventually shown that the crystals of the members of 
an isomorphous series did differ, both in their angles and in all their other crystal- 
lographic and physical properties, although in the cases of the angles the differences 
were very small. Moreover, the differences were shown to obey a simple but 
very interesting law—namely, that they were functions of the atomic weight of 
the chemical elements of the same family group whose interchange gives rise to 
the series. [A series of lantern slides was next shown to illustrate this law.] 

All crystals possess one other obvious property, that of homogeneity, and we 
now know that it is the character of the homogeneous substance which determines 
the external form. There are no fewer than 230 different kinds of homogeneous 
structures, neither more nor less, the elucidation of which we owe to the inde- 
pendent recent labours of Schénflies, von Fedorow, and Barlow. And it is a 
significant fact that the whole of them fall naturally into the thirty-two classes of 
crystals, leaving no class unaccounted for. Of these 230 modes of regular repetition 
in space fourteen are the space-lattices long ago revealed to us by Bravais, and all 
recent investigation concurs in indicating two facts—first, thatlit is the space-lattice 
which determines the crystal system, and second, that it is the arrangement of 
the chemical molecules which is represented by the space-lattice. Each cell of 
the space-lattice corresponds to a molecule. The structure is certainly not solid 
throughout, however, part only being matter, and the rest ether-filled space, the 
relative proportions and the shape of the material portion being as yet unknown. 
We limit ourselves, therefore, to considering each molecule as a point, and we 
draw the lattice as a network of three systems of parallel lines, parallel to the 
directions of the three principal crystal edges, analogous, according to the system 
of symmetry, to those of the cube. The points of intersection we consider as those 
representing the molecules, inasmuch as any point within the limits of the cell 
may equally well be taken to represent the cell and the molecule, provided the 
choice is analogously made throughout the structure. [Such a space-lattice, one of 
the most general, triclinic, form, was shown on the screen. ] 

It has recently been found possible to determine the relative dimensions of 
these molecular cells, the distances of separation of the points of the space- 
lattice, in those cases where we know that the structure is similar, as in isomor- 
phous salts ; and the interesting discovery has been made that the ‘ molecular 
distance ratios,’ as these space-dimensions are called, are functions of the atomic 
weights of the interchangeable members of the family of chemical elements 
constituting the series, just as the crystal angles have been shown to be. 

We are now able, moreover, to take yet one further step, for the chemical 
molecules are composed of atoms, and it has been indubitably shown that the 
atoms occupy definite positions in the crystal. For when we replace, say, the 
alkali metal in a sulphate or selenate, by another, we observe a marked alteration 
in the crystal angles and the molecular distance ratio along a particular direction, 
this direction being the same whichever metals of the group are interchanged ; 
whereas if we replace the sulphur by selenium, a similar kind of alteration occurs, 
but along a totally different direction. Now we know that the atoms are arranged in 
the chemical molecule in what is known to chemists as their stereometric arrange- 
ment, depending on the maximum satisfaction of their chemical affinities. Hence 
this important experimental fact of the occupation by the atoms of definite posi- 
tions in the crystal proves firstly the homogeneous similarity of arrangement of 
the molecules, and secondly explains why we have classes or subdivisions within the 
systems. For it is the arrangement of the atoms within the molecule which causes 
the variations of the degree of symmetry, within the limits prescribed by the 
system and space-lattice; in other words, which determines the class, 

Now obviously any one of the atomsin the molecule may be chosen to represent 
the latter, and the points thus chosen analogously throughout the structure 
will constitute the molecular space-lattice. Hence the whole structure may be 
considered as made up of as many interpenetrating similar space-lattices as there 
are atoms in the molecule. The crystal structure will thus be dependent on two 
factors, the space-lattice and the scheme of interpenetration of the space-lattices, 
the former dominating the style of architecture, the crystal system, and the latter 
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the vagaries of the style, the crystal class. Sohncke has shown that there are 
sixty-five such vagaries possible, which he terms regular point systems, and 
these coincide with sixty-five of the 230 possible modes of partitioning space. 

These are the broad simple facts, now proved up to the hilt, which 
explain the majority of crystal structures, all, in fact, but a very few of the 
more complicated classes of the thirty-two. For the remaining 165 ways of 
appropriating space all fall into a very small number of crystal classes. 
They are of very great interest, however, and involve an entirely new prin- 
ciple, that of ‘reflective’ or ‘mirror-image’ symmetry, enantiomorphism as 
it is technically termed, and include those crystals which possess the remark- 
able property of rotating the plane of polarised light. These are the cases 
whose geometrical possibility has been accounted for by the simultaneously 
independent work of Schénflies, von Fedorow, and Barlow, and to which we 
were experimentally introduced by the discovery of the right- and left- 
handed varieties of tartaric acid by Pasteur. The latter has since been 
followed by the revelation of many similar cases of two forms of the same 
chemical substance, related crystallographically and structurally like a 
right-hand to a left-hand glove, and optically differing by the direction in 
which they rotate a beam of plane polarised light. 

With their discovery and explanation the elucidation of the seven styles 
of crystal architecture and their thirty-two subdivisions becomes un fait 
accompli, and although many difficult problems still confront the crystal- 
lographer, problems of vast importance to chemistry, the groundwork is now 
securely laid, the memorable achievement of the last twenty years. The 
results, moreover, are in entire accordance with the now well-proved fact 
that the chemical atom is composed of electronic-corpuscles. For the definite 
orientation of the atom and its sphere of influence within the molecule and 
the crystal is thereby accounted for, the motion in the solid state so fre- 
quently hitherto attributed to the atom being a myth, such motion relating, 
in fact, to the corpuscles within the atom. 

[The rest of this discourse was devoted to experimentally demonstrating, 
with the aid of a projection Nicol-prism polariscope of original construc- 
tion, firstly, the optical behaviour of the simpler kinds of crystal structure, 
and, secondly, that of the interesting cases of mirror-image symmetry. | 
Quartz in particular will afford us not only some magnificent phenomena 
by reason of its right- or left-handed structure, but also a most instructive 
example, in its repeatedly twinned and all-but-molecularly alternating 
variety of amethyst, of the phenomenon of ‘ pseudo-racemism.’ For it is the 
display of this phenomenon which often renders a crystalline inactive 
substance so difficult to distinguish from a truly ‘racemic’ substance, which, 
as in the case of racemic acid itself, the optically inactive variety of 
tartaric acid, is a truly molecular compound of the right- and left-handed 
active varieties, the optical activity being neutralised and destroyed by the 
act of combination. 


TUESDAY, AUGUST 31. 
Our Food from the Waters. By Professor W. A. Herpman, F'.R.S. 


At the last meeting of the British Association in Canada (Toronto, 
1897) I was able to lay before Section D a preliminary account of the 
results of running sea-water through four silk tow-nets of different degrees 
of fineness continuously day and night during the voyage from Liverpool 
to Quebec. During the eight days’ traverse of the North Atlantic, the 
nets were emptied and the contents examined morning and evening, so 
that each such gathering was approximately a twelve-hours’ catch, and 
each day and each night of the voyage was represented by four gatherings. 
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This method of collecting samples of the surface fauna of the sea in any 
required quantity per day or hour from an ocean liner going at full speed 
was suggested to me by Sir John Murray of the Challenger Expedition, 
and was first practised, I believe, by Murray himself in crossing the 
Atlantic. I have since been able to make similar traverses of several of 
the great oceans, in addition to the North Atlantic—namely, twice across 
the Equator and through the South Atlantic, between England and South 
Africa, and four times through the Mediterranean, the Red Sea, and 
the Indian Ocean to Ceylon—and no doubt other naturalists have done much 
the same. The method is simple, effective, and inexpensive; and the 
gatherings, if taken continuously, give a series of samples amounting 
to a section through the surface layer of the sea, a certain volume of water 
being pumped in continuously through the bottom of the ship, and strained 
through the fine silk nets, the mesh of which may be the two-hundredth of an 
inch across, before passing out into the sea again. In examining with a 
microscope such a series of gatherings across an ocean, two facts are brought 
prominently before the mind: (1) the constant presence of a certain 
amount of minute living things; (2) the-very great variation in the 
quantity and in the nature of these organisms. [Illustrations showing this 
were given. | 

Such gatherings taken continuously from an ocean liner give, however, 
information only in regard to the surface fauna and flora of the sea, 
including many organisms of fundamental importance to man as the 
immediate or the ultimate food of fishes and whales and other useful 
animals. [Examples were shown. | 

It was therefore a great advance in Planktology when Professor Victor 
Hensen (1887) introduced his vertical quantitative nets which could be 
lowered down and drawn up through any required zones of the water. 
The highly original ideas and the ingenious methods of Hensen and his 
colleagues of the Kiel School of Planktology—whether all the conclusions 
which have been drawn from their results be accepted or not—have at the 
least inaugurated a new epoch in such oceanographic work; and have 
inspired a large number of disciples, critics, and workers in most civilised 
countries, with the result that the distribution of minute organisms in the 
oceans and the fresh waters of the globe are now much more fully known 
than was the case twenty, or even ten, years ago. But perhaps the 
dominant feeling on the part of those engaged in this work is that, not- 
withstanding all this activity in research and the mass of published litera- 
ture which it has given rise to, much still remains to be done, and that 
the Planktologist is still face to face with some of the most important 
unsolved problems of biology. 

It is only possible in an address such as this to select a few points for 
demonstration and for criticism—the latter not with any intention of dis- 
paraging the stimulating work that has been done, but rather with the 
view of emphasising the difficulties, of deprecating premature conclusions, 
and of advocating more minute and more constant observations. 

The fundamental ideas of Hensen were that the Plankton, or assem- 
blage of more or less minute drifting organisms (both animals and plants) 
in the sea, is uniformly distributed over an area where the physical con- 
ditions are approximately the same, and that by taking a comparatively 
small number of samples it would be possible to calculate the quantity 
of Plankton contained at the time of observation in a given sea area, and 
to trace the changes of this Plankton both in space and time. This was 
a sufficiently grand conception, and it has been of great service to science 
by stimulating many workers to further research. In order to obtain 
answers to the problems before him, Hensen devised nets of the finest 
silk of about 6,000 meshes in the square centimetre, to be hauled up from 
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the bottom to the surface, and having their constants determined so that 
it is known what volume of water passes through the net under certain 
conditions, and yields a certain quantity of Plankton. [Examples of the 
nets and the methods of working shown. | 

Now if this constancy of distribution postulated by Hensen could be 
relied upon over considerable areas of the sea, far-reaching conclusions, 
having important bearings upon fisheries questions, might be arrived at ; 
and such have, in fact, been put forward by the Kiel Planktologists and 
their followers—such as the calculation by Hensen and Apstein that the 
North Sea in the spring of 1895 contained at least 157 billions of the eggs 
and larve of certain edible fish; and from this figure and the average 
numbers of eggs produced by the fish, their further computation of the 
total number of the mature fish population which produced the eggs—a 
grand conclusion, but one based upon only 158 samples, taken in the pro- 
portion of one square metre sampled for each 5,465,968 square metres of 
sea. Or, again, Hensen’s estimation, from 120 samples, of the number of 
certain kinds of fish eggs in a part of the West Baltic; from which, by 
comparing with the number! of such eggs that would normally be pro- 
duced by the fish captured in that area, he arrived at the conclusion that 
the fisherman catches about one-fourth of the total fish population— 
possibly a correct approximation, though differing considerably from esti- 
mates that have been made for the North Sea. 

Such generalisations are most attractive, and if it can be established 
that they are based upon sufficiently reliable data, their practical utility 
to man in connection with sea-fishery legislation may be very great. But 
the comparatively small number of the samples, and the observed irregu- 
larity in the distribution of the Plankton (containing, for example, the 
fish eggs) over wide areas, such as the North Sea, leave the impression 
that further observations are required before such conclusions can be 
accepted as established. 

Of the criticisms that have appeared in Germany, in the United 
States and elsewhere, the two most fundamental are: (1) That the samples 
are inadequate; and (2) that there is no such constancy and regularity 
in distribution as Hensen and some others have supposed. It has been 
shown by Kofoid, by Lohmann, and by others that there are imperfee: 
tions in the methods which were not at first realised, and that under 
some circumstances anything from 50 to 98 per cent. of the more minute 
organisms of the Plankton may escape capture by the finest silk quanti- 
tative nets. The mesh of the silk is 535th inch across, but many of the 
organisms are only gg5 pth inch in diameter, and so can readily escape. 
[Examples shown. | 

Other methods have been devised to supplement the Hensen nets, such 
as the filtering of water pumped up through hose-pipes let down to known 
depths, and also the microscopic examination in the laboratory of the 
centrifuged contents of comparatively small samples of water obtained by 
means of closing water-bottles from various zones in the ocean. But even 
if deficiencies in the nets be thus made good by supplementary methods, 
and be allowed for in the calculations, there still remains the second and 
more fundamental source of error, namely, unequal distribution of the 
organisms in the water; and in regard to this a large amount of evidence 
has now been accumulated, since the time when Darwin, during the voyage 
of the Beagle, on March 18, 1832, noticed off the coast of South 
America vast tracts of water discoloured by the minute floating Alga, 
Trichodesmium erythreum, which is said to have given its name to the 
Red Sea, and which Captain Cook’s sailors in the previous century called 
‘sea-sawdust.’ Many other naturalists since have seen the same pheno- 


1 It is probable that too high a figure was taken for this. 


EVENING DISCOURSES. 741 


menon, caused both by this and by other organisms. 1t must be of common 
occurrence, and is widespread in the oceans, and it will be admitted that a 
quantitative net hauled vertically through such a Trichodesmium bank 
would give entirely different results from a haul taken, it might be, only a 
mile or two away, in water under, so far as can be determined, the same 
physical conditions, but free from Trichodesmium. [Illustrations shown. | 

Nine nations bordering the North-West seas of Europe, some seven or 
eight years ago, engaged in a joint scheme of biological and hydrographical 
investigation, mainly in the North Sea, with the declared object of throw- 
ing light upon fundamental facts bearing on the economic problems of 
the fisheries. One important part of their programme was to test the 
quantity, distribution, and variation of the Plankton by means of periodic 
observations undertaken four times in the year (February, May, August, 
and November) at certain fixed points in the sea. Many biologists con- 
sidered that these periods were too few and the chosen stations too far 
apart to give reliable results. It is possible that even the original pro- 
moters of the scheme would now share that view, and the opinion has 
recently been published by the American Planktologist, C. A, Kofoid— 
than whom no one is better entitled, from his own detailed and exact 
work, to express an authoritative verdict—that certain recent observa- 
tions ‘ can but reveal the futility of the Plankton programme of the Inter- 
national Commission for the investigation of the sea. ‘The quarterly 
examinations of this programme will, doubtless, yield some facts of value, 
but they are truly inadequate to give any reliable view of the amount and 
course of Plankton production in the sea.’ * That is the latest pronounce- 
ment on the subject, made by a neighbour of yours to the South, who has 
probably devoted more time and care to detailed Plankton studies than 
anyone else on this continent. [Examples were shown of very diversified 
Plankton hauls from neighbouring localities on the same date, or from the 
same locality on adjacent days, to illustrate irregularity in distribution. | 

It is evident from such results that before we can base far-reaching 
generalisations upon our Plankton samples, a minute study of the distribu- 
tion of life in both marine and fresh waters at very frequent intervals through- 
out the year should be undertaken. Kofoid has made such a minute study 
of the lakes and streams of Illinois, Marsh of those of Wisconsin, and similar 
intensive work is now being carried out at several localities in Europe. 

Too little attention has been paid in the past to the distribution of many 
animals in swarms, some parts of the sea being crowded and neighbouring 
parts being destitute of such forms, and this not merely round coasts and 
in the narrow seas, but also in the open ocean. For example, some species 
of Copepoda and other small crustacea occur notably in dense crowds, and 
are not universally distributed. This is true also of some of the Diatoms, and 
also of larger organisms. Many naturalists have remarked upon the banks 
of Trichodesmium, of Medusae and Siphonophora, of Salpae, of Pteropods, 
of Peridinians and of other common constituents of the Plankton. Cleve’s 
classification into Tricho-Plankton (arctic), Styli-Plankton (temperate), and 
Desmo-Plankton (tropical) depends upon the existence of such vast swarms 
of particular organisms in masses of water coming into the North Atlantic 
from different sources. 

It is possible that in some parts of the ocean, far from land, the Plankton 
may be distributed with the uniformity supposed by Hensen. It is important 
to recognise that at least three classes of locality exist in the sea in relation 
to distribution of Plankton :— 

(1) There are estuaries and coastal waters where there are usually 


1 Internationale Revue der Hydrobiologie und Hydrographie, vol. i., p. 846, 
December 1908. 
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strong tidal and other local currents, with rapid changes of conditions, 
and where the Plankton is largely influenced by its proximity to land. 

(2) There are considerable sea areas, such as the centre of the North Sea 
and the centre of the Irish Sea, where the Plankton is removed from coastal 
conditions, but is influenced by various factors which cause great irregularity 
in its distribution. These are the localities! of the greatest economic 
importance to man, and to which attention should especially be directed. 

(3) There are large oceanic areas in which there may be uniformity of 
conditions, but it ought to be recognised that such regions are not those in 
which the Plankton is of most importance to men. The great fisheries of 
the world, such as those of the North Sea, the cod fishery in Norway, and 
those on the Newfoundland Banks, are not in mid-ocean, but are in areas 
round the continents, where the Plankton is irregular in its distribution. 

As an example of a locality of the second type, showing seasonal, hori- 
zontal, and vertical differences in the distribution of the Plankton, we may 
take the centre of the Irish Sea, off the south end of the Isle of Man. 
Here, as in other localities which have been investigated, the Phyto- 
Plankton is found to increase greatly about the time of the vernal equinox, 
so as to cause a maximum, largely composed of Diatoms, at a period 
ranging from the end of March to some time in May—this year to May 28, 
in the Ivish Sea. Towards the end of this period the eggs of most of the 
edible fishes are hatching as larve. [Statistics and diagrams showing this 
maximum for the last three years were exhibited. } 

This Diatom maximum is followed by an increase in the Copepoda 
(minute crustacea), which lasts for a considerable time during the early 
summer ; and as the fish larvee and the Copepoda increase there is a rapid 
falling off in Diatoms. Less marked maxima of both Diatoms and Cope- 
poda may occur again about the time of the autumnal equinox. These two 
groups—the Diatoms and the Copepoda—are the most important economic 
constituents in the Plankton. A few examples showing their importance 
to man may be given: Man eats the oyster and the American clam, and 
these shell-fish feed upon Diatoms. Man feeds upon the cod, which in its 
turn may feed on the whiting, and that on the sprat, and the sprat on 
Copepoda, while the Copepoda feed upon Peridinians and Diatoms; or 
the-cod may feed upon crabs, which in turn eat ‘ worms,’ and these feed 
upon smaller forms which are nourished by the Diatoms. Or, again, man 
eats the mackerel, which may feed upon young herring, and these upon 
Copepoda, and the Copepoda again upon Diatoms. All such chains of 
food matters from the sea seem to bring one through the Copepoda to the 
Diatoms, which may be regarded as the ultimate ‘ producers’ of food in 
the ocean. Thus our living food from the waters of the globe may be said to 
be the Diatoms and other microscopic organisms as much as the fishes. 

Two years ago, at the Leicester meeting of the British Association, I 
showed that if an intensive study of a small area be made, hauls being 
taken not once a quarter or once a month, but at the rate of ten or twelve 
a day, abundant evidence will be obtained as to: (1) variations in the 
distribution of the organisms, and (2) irregularities in the action of the 
nets. [Hxamples shown.] Great care is necessary in order to ensure that 
hauls intended for comparison are really comparable. Two years’ additional 
work since in the same locality, off the south end of the Isle of Man, has 
only confirmed these results, viz., that the Plankton is liable to be very 
unequally distributed over the depths, the localities, and the dates. One 
net may encounter a swarm of organisms which a neighbouring net escapes, 
and a sample taken on one day may be very different in quantity from a 
sample taken under the same conditions next day. If an observer were 
to take quarterly, or even monthly, samples of the Plankton, he might 


* See Dakin, 7rans. Biol. Soc. Liverpool, xxii., p. 544. 
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obtain very different results according to the date of his visit. For ex- 
ample, on three successive weeks about the end of September he might 
find evidence for as many different far-reaching views as to the composition 
of the Plankton in that part of the Irish Sea. Consequently, hauls taken 
many miles apart and repeated only at intervals of months can scarcely give 
any sure foundation for calculations as to the population of wide sea areas. 
It seems, from our present knowledge, that uniform hydrographic conditions 
do not determine a uniform distribution of Plankton. [Some statistics of 
hauls shown. | 

These conclusions need not lead us to be discouraged as to the ultimate 
success of scientific methods in solving world-wide Plankton and fisheries 
problems, but they suggest that it might be wise to secure by detailed local 
work a firm foundation upon which to build, and to ascertain more 
accurately the representative value of our samples before we base conclusions 
upon them. 

I do not doubt that in limited, circumscribed areas of water, in the case 
of organisms that reproduce with great rapidity, the Plankton becomes more 
uniformly distributed, and a comparatively small number of samples may 
then be fairly representative of the whole. That is probably more or less 
the case with fresh-water lakes;' and I have noticed it in Port Erin Bay 
in the case of Diatoms. In spring, and again in autumn, when suitable 
weather occurs, as it did two years ago at the end of September, the Diatoms 
may increase enormously, and in such circumstances they seem to he 
very evenly spread over all parts and to pervade the water to some depth; 
but that is emphatically not the case with the Copepoda and other con- 
stituents of the Plankton, and it was not the case even with the Diatoms 
during the succeeding year. 

I have published elsewhere an observation that showed very definite 
limitation of a large shoal of crab Zoéas, so that none were present in one 
net while in another adjacent haul they multiplied several times the bulk 
of the catch and introduced a new animal in enormous numbers. [Diagrams 
shown.] Had two expeditions taken samples that evening at what might 
well be considered as the same station, but a few hundred yards apart, they 
might have arrived at very different conclusions as to the constitution of 
the Plankton in that part of the ocean. 

It is possible to obtain a great deal of interesting information in regard 
to the ‘hylokinesis’ of the sea without attempting a numerical accuracy 
which is not yet attainable. The details of measurement of catches and of 
computations of organisms become useless, and the exact figures are non- 
significant, if the hauls from which they are derived are not really com- 
parable with one another and the samples obtained are not adequately 
representative of nature. If the stations are so far apart and the dates 
are so distant that the samples represent little more than themselves, if the 
observations are liable to be affected by any incidental factor which does 
not apply to the entire area, then the results may be so erroneous as to be 
useless, or worse than useless, since they may lead to deceptive conclu- 
sions. It is obvious that we must make an intensive study of small areas 
before we draw conclusions in regard to relatively large regions, such as the 
North Sea or the Atlantic Ocean. Our Plankton methods are not yet accu- 
rate enough to permit of conclusions being drawn as to the number of any 
species in the sea. 

The factors causing the seasonal and other variations in the Plankton 
already pointed out may be grouped under three heads, as follows :— 

(1) The sequence of the stages in the normal life history of the different 
organisms. 


* See, however, C. Dwight Marsh, in T'rans-Wisconsin Acad. of Sci., vol. xiii., 
and Wisconsin Geol, and Nat, Hist, Survey, Bull. xii, 
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(2) Irregularities introduced by the interactions of the different 
organisms. 

(3) More or less periodic abnormalities in either time or abundance 
caused by the physical changes in the sea, which may be grouped together 
as ‘weather.’ [Illustrated by diagrams. ] 

These are all obvious factors in the problem, and the constitution of the 
Plankton from time to time throughout the year must be due to their inter- 
action. The difficulty is to disengage them from one another, so as to deter- 
mine the action of each separately. 

Amongst the physical conditions coming under the third heading, the 
temperature of the sea is usually given a very prominent place. There is 
only time to allude here to one aspect of this matter. 

It is often said that tropical and sub-tropical seas are relatively poor 
in Plankton, while the colder Polar regions are rich. In fishing Plankton 
continuously across the Atlantic it is easy from the collections alone to 
tell when the ship passes from the warmer Gulf Stream area into the colder 
Labrador current. This is the reverse of what we find on land, where 
luxuriant vegetation and abundance of animal life are characteristic of the 
tropics in contrast to the bare and comparatively lifeless condition of the 
Arctic regions. Brandt has made the ingenious suggestion that the explana- 
tion of this phenomenon is that the higher temperaure in tropical seas 
favours the action of denitrifying bacteria, which therefore flourish to such 
an extent in tropical waters as seriously to diminish the supply of nitrogen 
food and so limit the production of Plankton. Loeb,’ on the other hand, has 
recently revived the view of Murray, that the low temperature in Arctic 
waters so reduces the rate of all metabolic processes, and increases the length 
of life, that we have in the more abundant Plankton of the colder waters 
several generations living on side by side, whereas in the Tropics with more 
rapid metabolism they would have died and disappeared. The temperature 
of the sea-water, however, appears to have little or no effect in determining 
the great vernal maximum of Phyto-Plankton. 

Considering the facts of photosynthesis, there is much to be said in 
favour of the view that the development and possibly also the larger 
movements of the Plankton are influenced by the amount of sunlight, quite 
apart from any temperature effect. 

Bullen * showed the correlation in 1903-07 between the mackerel catches 
in May and the amount of Copepod Plankton in the same sea. The food of 
these Copepoda has been shown by Dakin to be largely Phyto-Plankton; and 
Allen has lately * correlated the average mackerel catch per boat in May with 
the hours of sunshine in the previous quarter of the year [curves shown], 
thus establishing the following connection between the food of man and the 
weather: Mackerel—Copepoda-—Diatoms—Sunshine. One more example 
of the influence of light may be given. Kofoid has shown that the Plankton 
of the Illinois River has certain twenty-nine-day pulses, which are appa- 
rently related to the lunar phases, the Plankton maxima lagging about six 
days behind the times of full moon. The light from the sun is said to be 
618,000 times as bright as that from the full moon; but the amount of solar 
energy derived from the moon is sufficient, we are told, appreciably to affect 
photosynthesis in the Phyto-Plankton. The effectiveness of the moon in this 
photosynthesis to that of the sun is said to be as two to nine, and, if that is so, 
Kofoid is probablyjustified in his contention that at the time of full moon 
the additional light available has a marked effect upon the development of 
the Phyto-Plankton. 

As on land, so in the sea, all animals ultimately depend upon plants 
for their food. The plants are the producers and the animals the con- 


* Darwin and Modern Science (Cambridge, 1909), p. 247. 
2? M. B. A. Journ., viii. -269. ’ Tbid., vii. 394. 
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sumers in nature, and the pastures of the sea, as Sir John Murray pointed 
out long ago, are no less real and no less necessary than those of the land. 
Most of the fish which man uses as food spawn in the sea at such a time 
that the young fry are hatched when the spring Diatoms abound, and the 
Phyto-Plankton is followed in summer by the Zoo-Plankton (such as 
Copepoda), upon which the rather larger but still immature food fishes 
subsist. Consequently the cause of the great vernal maximum of Diatoms 
is one of the most practical of world problems, and many investigators have 
dealt with it in recent years. Murray first suggested that the meadows 
of the sea, like the meadows of the land, start to grow in spring simply 
as a result of the longer days and the notable increase in sunlight. Brandt 
has put forward the view that the quantity of Phyto-Plankton in a given 
layer of surface water is in direct relation to the quantity of nutritive 
matters dissolved in that layer. Thus the actual quantity present of the 
substance—carbon, nitrogen, silica, or whatever it may be—that is first 
used up determines the quantity of the Phyto-Plankton. Nathansohn 
in a recent paper? contends that what Brandt supposes never really 
happens; that the Phyto-Plankton never exhausts any food constituent, 
and that it develops just such a rate of reproduction as will com- 
pensate for the destruction to which it is subjected. This destruction 
he holds is due to two causes: currents carrying the Diatoms to un- 
favourable zones or localities, and the animals of the Plankton which feed 
on them. The quantity of Phyto-Plankton present in a sea will then 
depend upon the balancing of the two antagonistic processes—the repro- 
duction of the Diatoms and their destruction. We still require to know 
their rate of reproduction and the amount of the destruction. It has been 
calculated that one of these minute forms, less than the head of a pin, 
dividing into two at its normal rate of five times in the day would at the 
end of a month form a mass of living matter a million times as big as the 
sun. The destruction that keeps such a rate of reproduction in check must 
be equally astonishing. It is claimed that the ‘ Valdivia’ results, and 
observations made since, show that the most abundant Plankton is where 
the surface water is mixed with deeper layers by rising currents.2, Nathan- 
sohn, while finding that the hour of the day has no effect on his results, 
considers that the development of the Phyto-Plankton corresponds closely 
~ with evidence of vertical circulation. Like some other workers, he empha- 
sises the necessity of continuous intensive work in one locality: such work 
might well be carried on both at some point on your great lakes and also on 
your Atlantic coast. The Challenger and other great exploring expeditions 
forty years ago opened up problems of oceanography, but such work from 
vessels passing rapidly from place to place could not solve our present 
problems—the future lies with the naturalists at biological stations working 
continuously in the same locality the year round. 

The problems are most complex, and may vary in different 
localities—for example, there seem to be two kinds of Diatom maxima 
found by Nathansohn in the Mediterranean, one of Chaetoceros 
due to the afflux of water from the coast, and one of Rhizosolenia calcar- 
avis, due to a vertical circulation bringing up deeper layers of water. As 
a local example of the importance of the Diatoms in the Plankton to man, 
let me remind you that they form the main food of your very estimable 
American clam. The figures I now show, and some of the examples 
T am taking, are from the excellent work done on your own coasts in con- 


1 Monaco Bulletin, No. 140. 

2 A decade before, however, Whipple, anda also C. Dwight Marsh, in America, 
had argued that the vernal and autumnal Diatom maxima in deep lakes were due 
to periodic ‘overturning’ of the water due to temperature changes and causing 
diatom spores and a large quantity of organic material to be brought up from 
lower layers to within the influence of sunlight. 
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nection with fisheries and Plankton by Professor Edward Prince and 
Professor Ramsay Wright and their fellow-workers at the Canadian bio- 
logical station on your eastern sea-board. 

The same principles and series of facts could be illustrated from the 
inland waters. Your great lakes periodically show Plankton maxima, 
which must be of vast importance in nourishing animals and eventually 
the fishes used by man. Your geologists have shown that Manitoba was in 
post-glacial times occupied by the vast lake Agassiz, with an estimated area 


of 110,000 square miles; and while the sediments of the extinct lake form — 


your celebrated wheat-fields, supplying food to the nations, the shrunken 
remains of the water still yield, it is said, the greatest fresh-water fisheries 
in the world. See to it that nothing is done further to reduce this 
valuable source of food! Quoting from your neighbours to the South, we 
find that the Illinois fisheries yield at the rate of a pound a day throughout 
the year of cheap and desirable food to about 80,000 people—equivalent to 
one meal of fish a day for a quarter of a million people. 

Your excellent ‘ whitefish ’ alone has yielded, I see, in recent years over 
5,000,000 lb. in a year; and all scientific men who have considered fishery 
questions will note with approval that all your fishing operations are now 
carried on under regulations of the Dominion Government, and that fish 
hatcheries have been established on several of your great lakes, which will, 
along with the necessary restrictions, form, it may be hoped, an effective 
safeguard against depletion. Much still remains to be done, however, in 
the way of detailed investigation and scientific exploitation. The German 
Institutes for Pond-culture show what can be done by scientific methods to 
increase the supply of food-fishes from fresh waters. It has been shown in 
European seas that the mass of living food matters produced from the un- 
cultivated water may equal that yielded by cultivated land. When aqui- 
culture is as scientific as agriculture your regulated and cultivated waters, 
both inland and marine, may. prove to be more productive even than the 
great wheat-lands of Manitoba. 

Inland waters may be put to many uses: sometimes they are utilised as 
sewage outlets for great cities, sometimes they are converted into com- 
mercial highways, or they may become restricted because of the reclamation 
of fertile bottom lands. All these may be good and necessary developments, 
or any one of them may be obviously best under the circumstances ; but, in 
promoting any such schemes, due regard should always be paid to the im- 
portance and promise of natural waters as a perpetual source of cheap and 
healthful food for the people of the country. 
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INTRODUCTION. 


In planning the programme for the meeting of the Association it was felt 
that no more appropriate subject could be chosen for consideration than 
that afforded by wheat, Winnipeg being now the focus point of a great 
area devoted to the growth of the cereal. Arrangements were therefore 
made in advance to hold a joint meeting of Sections B (Chemistry) and 
K (Botany) and of the Sub-section of Agriculture, for which communica- 
tions were invited from various gentlemen known to be specially conversant 
with the subject in one or other of its aspects. The discussion took place 
on August 30, the President of Section B being in the chair. The papers 
then presented are here printed, together with an abstract of that part of 
the address delivered by the President of the Agricultural Sub-section 
which dealt with wheat; abstracts of two papers dealing with economic 
issues, communicated by Professor Mavor and Professor Brigham, are also 
appended to the discussion. 

The civilised white man appears always to have enjoyed the use of 
wheat, no tradition being extant as to when it first became available. It 
holds a unique position among foods, being regarded as the staff of life; 


as other races of men have made acquaintance with it they have adopted it 
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in preference to other cereals; thus as a human food it is displacing rice, 
millet and other grains in the East, and maize on the American Continent. 
The production of wheat, in fact, is now one of the most fundamental of 
the problems of our time and also one of the most complex; it raises many 
issues, and many interests are concerned with it. 

Many varieties of wheat are known, differing more or less in character 
and in requirements. The grower has to discover which variety or varieties 
are suited to the conditions of his locality and to cultivate that which will 
yield him most profit. It may well happen that the most profitable variety 
is not that which he can grow most easily, and he is in a measure obliged to 
effect a compromise. 

In England, in the eastern States of America and other places where 
excess of water has to be avoided, drainage must be resorted to; elsewhere, 
in the western States of America and in India, for example, extensive 
irrigation works have been undertaken; where irrigation has not been 
possible special methods of cultivation are adopted, in order to secure the 
necessary supply of water—-as among the natives of India and of Syria, 
and in the case of the system of so-called dry farming now in vogue on the 
western prairies of America. The old systems of husbandry were all 
arranged with the object of securing the maximum possible supply of food 
for the wheat plant. 

Among the difficulties to be faced by the modern grower of wheat those 
due to drought, frost, and rust are the most serious. 

Wheat is for a number of reasons an admirable crop for the pioneer. 
It is always saleable; it can be stored and sent long distances without 
deteriorating ; of all agricultural commodities it is.the easiest to transport. 
It is easily grown, requiring but little capital, and it does well on newly 
broken grounds; a few years of wheat cultivation affords an admirable 
opportunity of getting virgin land into condition for any other scheme of 
husbandry that may be desirable. As long as the present wave of expan- 
sion continues in Canada, Argentina, Australia, Russia, and elsewhere, 
enormous supplies of wheat will be produced under pioneer conditions, not 
necessarily as a permanent business but to some extent, at any rate, as a 
temporary expedient. During the last twenty or thirty years the supplies 
have been so cheap as to displace wheat from its premier position in the 
rotation system of long-settled countries and to convert it into a by-product. 
The change came quickly and caused terrible loss and suffering to farmers 
who failed to take notice of its occurrence dnd to alter their scheme of 
husbandry. But the change is not ended; the price of wheat is now going 
up—-whether because of any slackening in the wave of expansion or, as some 
economists assert, because of the extraordinary output of gold in recent 
years, we need not discuss—and once more the proper place to be assigned 
to wheat in the scheme of husbandry becomes an open question. 

The scientific problems are no less complex. Much must be done before 
the conditions necessary for the growth of wheat are fully elucidated. 
Although the requirements of the wheat crop are fairly well known, it is 
impossible at present to explain why a brick earth in Kent or Sussex will 
produce 45 to 55 bushels of grain without difficulty, whilst the stiff loam 
at Rothamsted only yields 35 to 45 bushels, no matter how well it be 
manured. The size of the crop is limited, among other factors, by the 
stiffness of the straw. If instead of standing up well the plants become 
‘laid,’ it is costly to harvest; hence the farmer does not aim at the 
maximum crop but at the biggest crop that will stand. Stiffness of straw 
is influenced by a soil condition not yet clearly made out; crops will stand 
on one soil, while others of the same kind will be ‘laid’ on soil of a 
different type. 

The different varieties of wheat are not all of the same market value. 
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The exacting requirements of modern civilisation necessitate special sorts 
of wheat for special purposes. The baker, the confectioner, the biscuit 
maker, all have their own requirements, and modern fastidiousness has put 
a price on subtle differences that were not recognised fifty years ago. Some 
very interesting problems have thus been opened up, but they are as yet far 
from being solved. In particular many investigations have been made to 
discover why certain flours—-the so-called weak flours—only give small, squat, 
heavy-looking loaves, whilst others—the strong flours—-will yield large, 
well-shaped, well-aerated loaves. The strong wheat commands the higher 
price, since the public insists on haying the large loaf, but whether it is 
intrinsically more valuable, whether it is more nutritive, has yet to be 
ascertained. 

But the grower is not directly interested in the intrinsic value of the 
various wheats: his object is simply to produce the wheat that gives him 
the highest profit per acre. It is clearly a first requisite that the wheat 
grown should be adapted to the local conditions and resistant to the local 
diseases. In England the ‘weak’ wheats are most profitable, in spite of 
their lower price per bushel; strong wheats do not yield sufficiently heavy 
crops to pay. One of the most important of the wheat problems of the 
day is to study the laws governing the production of wheat and see how 
far it is possible to impart any desirable quality by cross breeding. Is it, 
for instance, possible to breed a wheat that shall be as suited to the 
English climate as our present sorts are and at the same time possess the 
strength of the Manitoba wheats? Still more important for the future 
wheat-supply of the world are the questions whether it is possible to breed 
early ripening varieties and varieties resistant to rust—a pest which at 
present often seriously reduces the crop and is particularly troublesome in 
South Africa and India. If the process of maturation can be hastened only 
a few days, it becomes possible to extend the wheat belt further northwards 
and to escape the harvest frosts which sometimes cause so much trouble in 
Canada. Drought-resisting wheats are also wanted—varieties with narrow 
leaves and therefore less likely to lose water by transpiration. 

The improvement of wheat by selection, in other words the search for 
new mutation forms, is going on in all parts of the world but was necessarily 
uncertain so long as progress depended on accident. The republication of 
Mendel’s work, however, has given an impetus to the study of cross-breeding 
and it is now possible to predict the way in which certain characters of the 
parents will appear in the effspring. It is not too much to say that when 
the virgin regions of the world are all inhabited the total production of 
wheat will be limited only by the limit set to the plant-breeder’s work. 

Speculation as to the future world-supplies of wheat are always inter- 
esting but are particularly liable to be falsified. The factors are incom- 
pletely known. We are only now beginning to make soil surveys. Yet 
without some sort of a world survey it is impossible to say what area is 
suitable for wheat culture. It is not known how far improvement of the 
cropping power of the plant is possible and whether we can ever hope to 
exceed the present run of yields under our present conditions of soil and 
climate. Nor is it known whether varieties can be found or made to grow 
in regions at present unsuitable, as, for instance, in northern latitudes 
where the summers are short though the days are long, or in the vast areas 
of the world where the rainfall is too small. It is especially difficult to 
attempt forecasts at the present time, when the dominating factor in the 
world’s supply is the essentially transient supply sent in by pioneer workers 
in new countries. However, all countries are alive to the importance of 
the problem and work on the subject is beginning in most of them. 
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1. On the General Economic Position of Wheat Growing and the Special 
Considerations Affecting the North-West of Canada. A Résumé 
by Major P. G. Cratciz, C.B. 


In the address which opened the deliberations of the Sub-Section of 
Agriculture (printed in full in the Transactions of the Association), the 
Chairman invited attention to the paramount influence exerted on problems 
of this type by the varying growth of population and the relative degrees 
in which from time to time different regions of the earth contributed to the 
production of wheat. E 

A review of the available statistics made it plain that, although some 
effort had been made to feed the largely augmenting populations of Western 
Europe by securing an increased yield from the acreage previously employed, 
it was mainly from the surplus of certain still exporting States of Eastern 
Europe, and from the ample and more lately peopled areas of North and South 
America, and in a minor degree Australia, that the inevitable deficit of 
bread corn in this quarter of the earth’s surface had to be supplied. Although 
it was opportune and appropriate to enter at this Winnipeg meeting on a 
careful examination of the local features attending the rapid acceleration 
of wheat-growing in the North-West, sound conclusions respecting the relative 
extent of the future supply to be drawn from any single geographical area 
involved an examination of world-wide problems. 

The conclusions of the statistician and economist were required, as well 
as the advice of the scientific investigator and experimentalist, before an 
answer could be given to the question whether, how far, and at what rate, 
with profit to himself and with benefit to the bread consumer across the 
ocean, the Canadian agriculturist—in the face of the conditions now 
existing or likely to prevail—could push the further extension of the well- 
nigh eight million acres of wheat land which the Dominion claimed to show 
in 1909. ¢ 

By way of clearing the ground for this local discussion, reference was 
made to the effect of more recent statistics in dissipating the alarm which 
had been raised in 1898 by Sir William Crookes--largely on the authority 
of earlier data supplied by an American statistician—that the wheat-pro- 
ducing soil of the world, as a whole, was becoming unequal to the strain put 
upon it by the multiplication of bread-eaters; and that a wheat famine 
could only be averted by materially raising the world’s average of wheat 
yield per acre on the surface at present deyoted to that cereal by the 
beneficial magic of the chemist in making available a fertilising supply of 
nitrogen sufficient to raise that average nearly 50 per cent. 

As a fact, much greater progress had been made in extending the wheat- 
fields of the globe in various directions from 1897 onwards than in the years 
between that date and 1884. Even supposing it were true that the growth 
of men had outstripped the growth of wheat areas between 1884 and 1897 
the recorded extension of the world’s wheat-fields in the next decade was 
well over that of population. 

The remarkable period of stagnation, which left the areas under wheat 
in the United States in 1893-97 no higher than the 35,500,000 acres at which 
they stood in 1878-82—a phenomenon which so largely affected the 
pessimistic conclusions of 1898—had given way to renewed advance even in 
that region, and to more remarkable developments elsewhere. An upward 
bound of the curve of progress could be traced, not only in new but in some 
old-world exporting countries. Far too little attention had been given to 
the statistics which showed how, even in European Russia—as well as in 
Caucasian and Asiatic provinces of that Hmpire—wheat growing had 
increased, while the new factors of Argentina and Canada were playing a 
part far more potent and significant as to their future possibilities than was 
credited to them ten years ago. 
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Supplementing the details of the existing wheat areas of the world by 
estimates from other countries, and employing in certain cases later 
statistics now available, it seems probable that approximately 242,000,000 
acres are at the present time devoted to the growth of this cereal, three 
great States or combinations of States supplying 150,000,000 acres of this 
total. Roughly, the distribution of the surface may be analysed as under, 
indicating the development of the last decade :-— 


Regions About 1898-99 | About 1908-09 
Acres | Acres 

British Empire : ; - : a 35,000,000 42,000,000 
Russian Empire - : : J ei 47,000,000 60,000,000 
United States : : ‘ : c 40,000,000 48,000,000 
European States (not included above) . 60,000,000 64,000,000 
South America : E : : = 7,000,000 16,000,000 
Minor States (partly estimated) . : 12,000,000 12,000,000 

201,000,000 242,000,000 


So far as the defective records of still earlier periods than the above may 
be quoted, the total acreage of the wheat-fields of the world in 1883 may 
have been slightly over 170,000,000 acres, and in 1893 about 190,000,000 
acres, Since it may be assumed that no appreciable increase is shown in 
the 26,000,000 acres of wheat in India, included above in the total for the 
British Empire, and no increase in the estimates of the last line of this 
table is presumed to have taken place, the localities where the greatest 
development of wheat-growing has occurred may be readily traced, and 
the accelerated rate of the extension in the most recent decade offers an 
assurance that the apprehended shortage of bread-supplies is not yet in 
sight. 

Estimates of the world’s aggregate production are even less complete 
and reliable than those of acreage, but, comparing the figures forthcoming 
for the average of the three years 1895-97 with those for the last three 
harvests 1907-09, a total of 2,444,000,000 bushels of wheat would appear 
to have risen to 3,236,000,000 bushels, an advance of nearly 33 per cent. 
in this interval. This movement is certainly much greater than that of 
population in the period covered. 

In view of the concern of the United Kingdom in the expanding 
imports of wheat, the following statement emphasises the changes which 
have occurred in the chief sources whence its supplies have been received, 
and illustrates the growing importance of the Canadian contribution to 
the needs of the Mother Country. 


' Annual Average Imports of Wheat and Wheat Flour (expressed as Grain) into 
the United Kingdom and the Countries from which these Imports were recorded 
in the Trade Accounts in millions of ewts. 


| Of which from 


Periods Total Pacaeal ii ea ; _— 


| Feceived U.8.a,Atgen- Higa) Taare ee ee other 
1881-85 (6 years) .| 773 | 414| 01] 90| 94 | 40 | 27) 107 | 
1886-90 ,, "| ag | s741 12) 145] 92) 19 | 34 | 10-2 
1891-95 _,, ‘| 966 | 607] 77] 1398] 92] 29 | 49) 74 | 
1896-1900 ,, ‘| g¢0 | 673 | 81) 92] 41) 16 | 75] 82 
1901-05 , ‘| ave | 4931 146| 150] 165 | 71 | 105] 66 
1906-08 (3 years) .| 1125 | 368| 244) 102} 113) 77 | 162] 69 
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After illustrating the records of this renewed advance, the distinctively 
Canadian features of the movement were discussed in the address, and the 
difficulties which an investigator encountered in forecasting the future was 
acknowledged. Some illustrations of the widely divergent conclusions of com- 
petent experts were found in the discrepant estimates which Professor Mavor 
had collected (without himself adopting) from acknowledged authorities in his 
exhaustive Report of 1904. One of these estimates, it will be remembered, 
placed the land fit for settlement or ‘ susceptible of cultivation,’ in the North- 
West as low as 92,000,000 acres, and another as high as 171,000,000 acres. One 
skilled estimator restricted the surface likely to be annually available for 
wheat to an aggregate of 13,750,000 acres, while another offered more than 
three times that figure, or 42,750,000 acres. The resultant produce antici- 
pated in the one case represented 254,000,000 bushels and in the other 
812,000,000 bushels, while the higher figure had the high authority of 
Dr. Saunders. It was, therefore, for. the experts now assembled to say 


die 


Nore.—(a) The single black line across the columns for 1890, 1900, 1907, 1908, 
represents the estimated total acreage of the Dominion of Canada for which no 
continuous series of statistics exist. j 

(b) Were the preliminary estimates for 1909 taken into account, the total 
acreage would have been given as 7,750,000 acres—a rise of 1,139,000 acres in 
the latest twelve months. This is indeed the net result, for the West has added 
1,402,000 acres—of which 1,289,000 were in Saskatchewan and 113,000 in Alberta 
_while there are declines in the East and in Ontario of 114,000 acres, and 
likewise a reduction of as much as 149,000 acres in Manitoba since 1908. 
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if the lapse of another quinquennium full of interesting movements, both 
of population and of crops in the North-West, had enabled them to arrive 
at any greater certainty as to the future. 

It was incumbent on those who forecasted the wheat areas of coming 
years carefully to avoid exaggeration and loose deductions, and whatever 
ample surfaces they believed to await the wheat grower, and whatever tales 
were told of practically inexhaustible regions yet untapped, they must not 
neglect to bear in mind the necessity of enlisting for the improvement of the 
yield the very promising aid which science in many directions, whether 
botanical or chemical, was now beginning to offer to the farmer. 

The vast territories still available in the North-West should not in any case 
be looked upon as a mere wheat mine to be exploited and exhausted by the 
recurrent culture of a single cereal. The successful farming of the future, here 
as well as elsewhere, would demand more careful tillage, more scientific 
rotations, and a watchful consideration of the changes going on in other 
lands in the grouping of the populations and the opening of other wheat 
fields than their own. 

As a guide to the ascertained movements of the Canadian wheat area 
which the local statistics so far available afforded, the subjoined illustration 
was offered representing the areas as recorded separately in Ontario, in 
Manitoba, and in the North-West respectively since 1889. This showed how 
the area had diminished in the older province, where farming was becoming 
more mixed, and how it had extended in Manitoba, and still more rapidly 
in Saskatchewan and Alberta. 


Professor Mavor’s Paper. 


In a paper bringing up to date the conclusions of his Report to the British 
Board of Trade in 1904, discussing the production of wheat in the North- 
West of Canada (printed in full in the Reports of the Association, p. 209), 
Professor Mavor explains the changes in the administrative divisions known 
at the earlier date as Alberta, Assiniboia, and Saskatchewan, and the exten- 
sion due to their absorption of almost the whole of the former territory of 
Athabasca. The surface now included in the three provinces of Manitoba, 
Saskatchewan, and Alberta covers 357,000,000 acres of land and nearly 
15,000,000 acres of water—together, 370,000,000 acres—as against 238,000,000 
acres in 1904, the additional 50 per cent. lying, however, beyond the region 
of practical settlement for commercial production at the present time. The 
experience of the later five years strongly confirms Professor Mavor in his 
conclusions of 1904 that very great improvements in the productive powers 
of the country, and a very considerable increase in the effective population, 
as well as a more exclusive regard to wheat cultivation would have to take 
place before the North-West could be relied upon to produce for export to 
Great Britain a quantity of wheat even nearly sufficient for the growing 
requirements of that country. This exclusive attention to wheat he regards 
as unlikely to arise, since, even were the soil uniformly suitable and the 
seasons absolutely reliable, the disposition of the people, and their settle- 
ment in small farms, of which the owner is also the cultivator, seems against 
such exclusive cultivation of one crop. The advice of the experimental farms, 
the Governmental encouragement of mixed farming, and the experience of the 
States immediately south of the international boundary, are all counter to 
continuous single-crop culture. 

The writer makes the net gain in the North-West Provinces by immigra- 
tion and by natural increase of immigrants between 1901-06 a total of 
369,000, and adds that there being no reliable available statistics of either 
births or deaths in the North-West, the actual natural increase cannot be 
stated. In 1907-08 immigration had largely increased—the number received 
that year being the largest in the history of the country. 
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The policy of the distribution of immigrants in small isolated groups 
is then discussed, and a careful analysis given of the available statistics of 
immigration and the progress of cultivation and the relation traced between 
the increase of cultivation and the growth of the population. Professor Mavor 
puts the cultivated area per head of population as 86 acres in 1901, of 
which 59 acres was in wheat, whereas in 1906 the cultivated area was 
9°9 acres, of which 6°3 was in wheat—.e., 62 per cent., as against 68 per 
cent. at the earlier date. He traces the diminished proportion of wheat 
growing to the total acreage under all grain crops, which he puts as declining 
from 62°56 per cent. in 1905 to 55°44 in 1909, the drop being greatest in the 
latest years, 1908 and 1909. Oats, on the other hand, had shown the greatest 
proportional increase, from 24°86 per cent. to 33°57 per cent. This, however, 
he attributes chiefly to the amount of railway construction and employment 
of horses that has been going on in the three provinces. 

The unsatisfactory condition of the collection of agricultural statistics 
in Canada at present, and the inconvenience of the periodic presentation 
of two differing sets of statistics—one compiled by the Dominion Government 
and another by the provincial authorities—is illustrated by Professor Mavor 
in the discrepancy of 16 per cent. between the wheat crop of 91,853,000 bushels 
given in 1908 by the former and that of 107,002,093 bushels by the latter for the 
three prairie provinces, while the latter figures seem to be adopted by the 
Dominion Department of Trade and Commerce. He advocates the employ- 
ment of more expert statistical officers and an adequate agricultural survey 
of the whole region. Without this only ‘fanciful’ conclusions could be 
reached about the future productivity of a vast and very varied country. 

Professor Mavor points out that the yield of wheat per acre since 1898 
exhibited a fluctuation of from 9°11 in 1900 to 25°16 in 1901, being twice 
above 20 bushels and four times below 16. He finds no justification for 
multiplying the estimated acreages by the arbitrary figures of 20 bushels. 

Irrigation notwithstanding, he finds no evidence that the semi-arid area 
can be relied upon to produce any considerable amount of wheat for export, 
but notes a very rapid increase in miscellaneous farming in this area ; and he 
traces the progress of three irrigation schemes in the semi-arid regions of 
Alberta, giving interesting particulars of the largest scheme, that of the 
Canadian-Pacific Railway, which contemplates dealing with 3,500,000 acres 
of land and involves at present 1,000,000 acres. 

The Paper further offers in detail interesting particulars of the course of 
land values, and a table is given of the advancing values per acre in the 
sales of land belonging to the Canadian-Pacific Railway from $3-15 in 1901 
to $9°54 in 1908. 

After discussing the various railway extensions and their bearing on 
the development of the North-West, Professor Mavor concludes his Paper 
with a reference to the varying estimates of possible wheat production 
quoted by him in his Report of 1904 from different expert authorities, and 
offers an amendment by those responsible for the lower one of 13,750,000 
acres, which would, in the light of recent progress, add another 3,500,000 
acres to that total, and a consequent enlargement of the resultant produce of 
this lowest estimate to 317,000,000 bushels, ‘which would provide 232,000,000 
bushels for export. He repeats, however, his own distinct disclaimer of 
any responsibility for the original estimate or its amendment, and urges, 
as before, the very numerous economic factors which have to be borne in 
mind in estimating the productivity of any country in this respect. He 
concludes that no one who examines the statistics of agricultural pro- 
ductivity in the North-West since 1883 can fail to be astonished at the 
progress made in twenty-six years. In 1883 the population was insignificant, 
and the one railway then constructed had not been completed to the coast. 
Now three great railways are crossing these provinces, and another 
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forcing its way upward from the States. The population numbers a 
million, and its agricultural prosperity is advancing by leaps and bounds. 
The country, he adds, needs no fantastic exaggerations to draw attention 
to its achievements and its possibilities; it only needs a cool estimate of 
these and consolidation rather than excessive expansion. A vast amount 
of energy and capital has been wasted in attempts to exploit regions which 
are, and must long remain, distant from markets, while fertile soils easy 
of access have remained under cultivation of a highly primitive character. 
The immense natural resources of the rich soil of Manitoba and of portions 
of Saskatchewan and Alberta are not even yet being fully exploited. Very 
considerable improvements in agricultural methods must yet take place if 
their resources are to be fully utilised. 


Professor Brigham’s Paper. 


A paper by Professor Albert Percy Brigham dealt with the development 
of wheat culture in North America generally. As may be seen from the text 
of this paper printed in the Reports of the Association (p. 230), its scope 
covered the history of the cultivation of this cereal and the striking changes 
which had occurred in the distribution of the area so occupied within 
the United States, the movement of wheat exports, and the prospects, on 
the one hand, of an increasing consumptive demand, and, on the other, 
of an augmented yield per acre from more scientific modes of farming. 
Professor Brigham quotes a variety of opinions as to the future of wheat 
growing within the United States, and the various factors which have to be 
weighed before the declining importance of the American export trade become 
evident. He accepted the view that the future development of cereal culti- 
vation in his own country depended more on improved methods than on 
adding new lands. If the United States has 150,000,000 inhabitants at no 
distant date, they would need 900,000,000 bushels of wheat for home supply. 
As already 700,000,000 bushels had been reaped in one year, an addition of 
only four bushels per acre on existing areas would fill the gap, while if they 
could add another 10 or 12 million acres they could keep up the present 
scale of export. 

Towards the close of his paper Professor Brigham approached the remark- 
able conditions attending the wheat areas of the North-West of Canada and 
its capacity for future development. 

He pointed out that, in comparison with some of its competitors, Canada 
was old in this industry, raising 20,000,000 bushels in 1827, while Argentina 
only began in 1882. The high level of the present Canadian yield was 
noted owing to the natural fertility of the prairies, the greatest crop ever 
raised from unfertilised land being credited to Canada in 1901, when 
63,425,000 bushels were raised on something more than 2,500,000 acres, or 
more than 25 bushels per acre. Professor Brigham quoted on the authority 
of Mr. Blue, of the Census and Statute Office at Ottawa, the crops recorded 
in each year of the present century (1900-08) separately for each of the 
three provinces of Manitoba, Saskatchewan, and Alberta. The exports of 
Canadian wheat ranged from sixteen and nine millions respectively in 1900 
and 1901 to a maximum of 43,654,668 bushels in 1908. With reference to the 
recent northerly attempts at wheat growing, he quoted the experiments in 
the Peace River district at Fort Vermilion, 550 miles north of Edmonton, 
where 35,000 bushels had, according to Dr. Wm. Saunders, been raised in 
1908. 

If there was to be prophecy as to Canada’s future product, her own 
experts must play the part of seer. He had not seen any retraction or 
modification made by Dr. Saunders of his ‘reasonable prophecy’ of 1904 
that wheat grown on one-fourth of the land suited to it in the Canadian 
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North-West with the yield of Manitoba in the previous decade would bring 
a crop of more than 800,000,000 bushels. If there be such a surplus of 
good soil as three-fourths, ample room would be left for diversified crops 
and such rotations and following as might be needful in future years to 
meet the declining production of the prairie soils. 

After a reference to Sir William Crookes’ forecasts in 1898, and the 
extent to which later data had outstripped his modest expectations, 
Professor Brigham declared it ‘hazardous’ to set limits to wheat in view 
of possible unknown factors of production. 

Sufficient account had not been taken of the limitation of population 
among the nations of the higher standards, who are bread-eating peoples. 
Any presure on the wheat supply would foreshadow itself before the pinch 
came, and would tend to still further restriction of population. He agreed 
with an earlier conclusion of an American economist (Mr. D. A. Wells) that 
the world ‘for the first time in its history has now good and sufficient 
reasons for feeling free from all apprehensions of a scarcity or dearness 
of bread.’ Any increased demand in Western Europe, or more truly by 
North-Western Europe, would be fully met by developments in Canada, 
Russia, Argentina, Egypt, India, South Africa, and Australia, so that 
they might even leave out the United States, or even omit India should her 
wheat be needed at home to avoid periods of famine. Argentina was as 
yet undeveloped, and Russia backward in bringing her vast resources to 
full effect on the world’s market. North America had the land, progressive 
appliances, skilled energy, and facilities of transport to supply the bread 
market of coming decades. No citizen of the United States of America need 
harbour a jealous thought if in that market a major place should come to 
her northern neighbour. 


2. The Factors determining the Yield of Wheat. By A. D. Hat, 
M.A., F.R.S., and FE. J. Russewu, D.Sc. 


The Rothamsted experiments on wheat began in 1843 on the Broadbalk 
field on which wheat has been grown every year since. In the first few years 
a general idea was obtained of the requirements of the plant as regards 
manure; a scheme for the treatment of the plots was drawn up in 1851, 
and has been substantially adhered to ever since. 

(1) Foop.—The chief elements of nutrition derived from the soil or 
manure are nitrogen, phosphoric acid, and potash; lime, magnesia, soda, 
sulphuric acid, and silica also play their part, but are supplied in sufficient 
quantity by all ordinary soils. 

Nitrogen.—At the time the experiments were commenced the necessity 
for nitrogenous manures was denied by Liebig; several of the plots were 
therefore arranged to show the effects of different amounts and various 
forms of nitrogenous manure. It was soon demonstrated that nitrogenous 
manures were necessary and that the yield was proportional to the nitrogen 
supplied. The action of two sets of factors may be traced in the results. 

(a) If we have a series of plots, each receiving more phosphoric acid and 
potash than the plant can possibly require, the yield on each plot should be 
strictly proportional to the supply of nitrogen if the wheat plant be able to 
deal with all the nitrogen it receives. The amount of food a plant takes up, 
however, depends on the extent of the absorbing root surface. At first an 
increase in the amount of nitrogen in the soil increases the root system, and 
therefore the absorbing surface, as well as the amount of material that each 
unit of this surface can take up. Hence the yield is more than proportional 
to the supply, z.e., the second increment of nitrogen on Plot 7 produces a 
larger increase than the first increment on Plot 6. When yield is plotted 
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against supply of nitrogen the curve begins by being concave instead of 
linear. (Curve 1.) 

There are a few exceptional years in which this relationship does not 
hold. 

(b) When further amounts of nitrogen are supplied other limiting 
factors come into play, the increase being smaller for the third and fourth 


Bushels 
ofgrain 


6000 38 
5000 32 
4000 26 
3000 20 


2000 14 


43 86 129 
Nitrogen supplied, lbs. per acre. 


CuRVE 1.—Effect of increasing supply of Nitrogen on the yield of Wheat. 


increments of nitrogen. The curve of production becomes convex, illustrat- 
ing the law of diminishing returns. There is an important practical appli- 
cation of this curve in districts where it is customary to manure for wheat. 
So long as the increased crop is more than proportional or is simply pro- 
portional to the supply of food, it may be profitable to go on adding manure. 
But when the yield falls off, a. point is reached where further additions of 
manure are unprofitable. 


Shillings 

250 Corn at...32/- 
Straw at..30/- 
_- Cost of Production. 


Returns, 
200 
Corn at...24/- 


RECUrNS, Straw gba 2O/ 
150 


100 


50 


43 66 129 172 
Lbs, Nitrogen supplied per acre. 


CuRVE 2.—Returns from plots receiving varying quantities of Nitrogen. 
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The diagram No. 2 shows the results obtained during a selected period 
of thirteen years, when there were four plots receiving regular increments of 
nitrogen. ‘The vertical distance between the dotted line (cost of production) 
and the curve of returns shows the profit or loss accruing from the varying 
quantities of manure. Up to a certain point, the better the farming the 
higher the profit; beyond this the profit falls off. The curve illustrates the 
law of diminishing returns and also Lawes’ dictum that ‘high farming is 
no remedy for low prices.’ 

The general principles which have just been illustrated that the earlier 
increments of nitrogen may produce increased yields more than proportionate 
to themselves, while later amounts are followed by a constantly diminishing 
increase—i.e., that the curve of production is first concave and then convex 
—is true not only of nitrogen but of manure generally and of any of its 
simple constituents, should the experiments begin with a deficiency and end 
with an excess. The principle is also applicable to water supply and to 
many other factors, each of which may limit the crop production. For 
example, in arid climates the yield is generally unaffected by the supply 
of nitrogen because it is determined wholly by the water supply, enough 
nitrogen being always present to satisfy the needs of a larger crop than the 
limited water supply will permit of. 

Phosphoric Acid.—Unlike barley and turnips, wheat does not respond to 
large quantities of phosphoric acid, but is well able to satisfy its require- 
ments from the soil. Phosphoric acid, of course, is necessary, but its most 
marked effects are secondary. It hastens maturity, and is therefore effective 
in a backward season or in late districts, since it enables a crop to be 
harvested in time which otherwise might be damaged or lost. Extraordinary 
returns are obtained for small quantities of superphosphate in Australia. 

Potash.—Wheat is usually able to satisfy its potash requirements from 
the soil, but at Rothamsted, on the plots which have become depleted of 
potash, the deficiency is shown by a reduced yield, especially in dry seasons, 
and by increased tendency to disease, rust, &c. 

Organic Matter.—Autumn-sown wheat is less dependent than most farm 
crops on good texture of the soil, and grows freely even when the amount of 
humus in the soil is a low one. On the Rothamsted plots, where wheat has 
been grown for so long with manures containing no organic matter, no 
difficulty is experienced in obtaining a plant; the seed germinates and grows 
away freely. Similarly Prout at Sawbridgeworth has grown wheat and 
other cereals on the same land since 1864, using no farmyard manure, and 
growing clover (the roots and stubble of which would supply some humus) 
only about once every seven years. In England it is not customary to use 
much manure for wheat; in the Eastern Counties farmyard manure is very 
generally put on the temporary hay or clover before it is ploughed for wheat, 
but this is to some extent a matter of convenience in handling the manure. 
Beyond this, specific manures are rarely employed, except perhaps soot or 
a top dressing of nitrate of soda in the spring if the plant is backward. 
Wheat is usually grown after clover or a well-manured mangold crop, and 
therefore on land recently enriched with nitrogen; an excess of phosphoric 
acid is also generally applied to the turnip crop in the rotation, and its 
influence persists until the wheat crop comes round. 

(2) Ratnratt.—Wheat being a deep-rooting plant and sown in Eng- 
land in autumn, is less dependent on spring and summer rainfall than most 
other crops. Thus the very dry years—1854, 1864, 1898—were all good wheat 
years; indeed, an old English proverb runs: ‘ Drought never bred dearth 
in England.’ The lowest rainfall was in 1864 (18.5 inches) and the crop 
was above the average, especially on the plot receiving dung. Further, the 
great wheat-growing districts of England are also those of lowest rainfall. 
Wheat is, therefore, one of the crops best adapted to dry regions, probably 
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not because it requires relatively little water, but because it flourishes best 
in a dry atmosphere, and possesses a large root system well able to supply the 
plant with water from that stored in the subsoil. It is generally recognised 
that wheat grows best in comparatively heavy soils, which retain a con- 
siderable store of the winter’s rains for the service of the crop in the 
summer. . 

The effect of high rainfall is harmful in several directions. If it comes 
in autumn it washes nitrates out of the ground and militates against the 
development of a full root system, the chief process going on in late autumn 
and early winter. There is, therefore, a reduction of crop; indeed, over a 
period of years almost a mathematical reduction. Shaw has shown that the 
average crop in England varies above and below a certain limit in inverse 
proportion to the rainfall of September, October, and November, his 
formula for the Eastern Counties of England being—yield =46 bushels— 
22 rainfail in inches. This formula only holds if the weather conditions 
later in the growth of the plant are normal; i.e., a high yield is only 
possible if the autumnal rainfall has been low, but a low autumnal rainfall 
may on occasion be followed by a low yield because some factor depressing 
the yield has intervened later. If much rain falls at or a little before 
harvest time the corn does not ripen well, and is in any case difficult to get 
in. It is this circumstance that limits the northward extension of wheat 
in the British Isles. The limit can be pushed somewhat further by the use 
of phosphatic manures, which tend to hasten maturity and thus enable the 
harvest to be got in a few days earlier. 

On the other hand, a good rainfall towards the end of spring is beneficial, 
especially if the spring is early; such a rainfall is a usual feature of the 
good wheat seasons. It is significant also that the exceptional years already 
referred to, in which the second increment of nitrogen produces less effect 
than the first, are generally years of low spring rainfall. 

(3) TemprraturE.—High temperatures are not at all necessary for the 
production of wheat, excepting at the time of maturation. In the best 
seasons it commonly happens that the summer (June and July) temperature 
is below rather than above the average. For winter-sown wheat, a mild 
open winter, not too wet, is desirable to bring the plant forward in early 
spring but is by no means essential. 

Spring Wheat.—The conditions regulating the growth of spring wheat 
are not quite the same; owing to the shortened period of growth the yields 
are rarely so high, and the crop appears to be more susceptible to rust and 
other diseases. For a good yield it is essential that the soil shall contain 
enough moisture to ensure a good start to the seed, but any excess of rain- 
fall in the first month or two of growth is prejudicial because it restricts 
the development of the root system. Little is known directly of the manurial 
requirements of spring wheat, but probably, like barley and oats, it is less 
dependent upon nitrogen but more on phosphoric acid than autumn wheat. 

The wheat plant in climates like that of England continues to take some 
food from the soil—nitrogen and phosphoric acid, for example—almost up 
to the time of harvest. Assimilation also continues as long as any part of 
the stem or leaves is green. 

The process of seed formation consists in transferring previously stored 
starch, protein, &c., from stem and leaf to the seed, but the material trans- 
ferred has much the same composition in the earlier and later stages of the 
process. That wheat which has been prematurely ripened through excessive 
drought or an attack of rust is exceptionally rich in nitrogen is probably due 
to the loss of carbohydrate from the grain by continued respiration, and not 
to gluten entering the grain first, to be followed by carbohydrates only in the 
later stages of filling. 

The ripening process appears to be mainly one of desiccation, 
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(4) Continuous Wueat Growine.—At Rothamsted, where wheat 
has been growing on the same land for more than sixty years, there is 
little evidence of any secular decline in the yield due to the constant repeti- 
tion of the crop, provided that sufficient fertilisers are supplied. On the 
unmanured plot and in cases in which complete fertilisers are given, the 
production tends to reach a constant level when -long-period averages are 
taken to exclude the fluctuations due to season. That the Rothamsted yields 
are never so high as are sometimes attained under ordinary farming con- 
ditions is due to the type of soil and certain difficulties in cleaning and 
preparing the land when wheat follows wheat so rapidly. 

(5) It is not, however, possible to analyse completely all the factors in- 
volved. Type of soil in relation to climate is very important. Thus the 
Rothamsted plots, even those receiving abnormally large dressings of 
manure, have only on two occasions (1864 and 1894) approached 50 bushels, 
which on a good brick earth would be by no means an exceptional crop even 
when grown, as usual in England, with but little manure. To each type of 
soil there is a limiting yield beyond which the crop will not go. But the 
limit is not the same for all varieties; it is not unusual to find that one 
variety may do much better than another under one set of conditions but 
not so well under others. There is still a good deal of work to be done in 
inquiring into the soil conditions and reducing to precise terms such vague 
expressions as ‘ a good wheat soil.’ For example, on soils not very dissimilar, 
with the same rainfall and management, a heavy wheat crop will stand in 
one case, while on the other soil it will invariably go down, and as yet it is 
impossible to state definitely the factors which thus determine the stiffness 
of straw in one case and not in another. As wheat is largely a pioneer crop, 
and as the pioneer cannot control his conditions to anything like the extent 
that is possible in more developed parts of the country, it is important that 
wheat should be bred to suit local conditions. 


3. The Breeding of Wheat. By Professor R. H. Birrmn, M.A. 


The widespread cultivation of wheat from very early times has led 
directly to the production of a very large number of distinct varieties, 
so that growers have abundant opportunity of choosing those which best 
suit their special conditions of cultivation. Wide as the choice is, however, 
few will care to admit that they have precisely the varieties they could 
wish for at their disposal; the improvement of existent types is, in fact, 
demanded in practically all directions. In most parts of the world the 
features of outstanding importance are strength, resistance against disease, 
and yield. Under certain conditions the power of resisting drought and 
that of maturing early are also of extreme importance, and any improvements 
in these directions would lead at once to a great increase in the area within 
which the crop can be cultivated. 

Most of the wheat-growing countries recognise these facts, and several 
have made considerable efforts either to find wheats suitable for their needs 
or in some cases to produce them by cross-breeding. In Australia, Canada 
and the United States such wheat-breeding experiments have been in 
progress during the past twenty years. On the whole the experiments 
cannot yet be said to have met with the success they deserve, with the 
possible exception of Farrer’s in Western Australia, which promise to effect 
radical alterations in the types of wheat cultivated there. The reasons for 
this partial failure are now obvious. Breeders had no definite knowledge 
of the results to be expected from any particular cross. They knew in a 
general fashion that the operation resulted in ‘breaking the type’ or 
inducing ‘great variability,’ and there was always a hope that amongst the 
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variants some form would be found superior to its parents. Looking back 
on the records it is now obvious that the majority of their crosses were very 
unlikely to give results of value. Even when the desired types were found, 
the difficulties were by no means overcome, as it was necessary to fix the 
new variety ; under the old conditions, this generally meant years of tedious 
‘selection’ and often ultimate failure. 

The republication of Mendel’s work and its speedy confirmation and 
extension altered the whole aspect of affairs by giving a rational explana- 
tion of the phenomena which had so puzzled breeders. It was proved that 
the variants were the results of recombinations of characters, obvious or 
otherwise, already existent in the parents; furthermore, it showed how the 
essential fixity of type could be secured. 

To put wheat breeding on a certain basis it was necessary in the first 
place to trace the mode of inheritance of the many characteristics which 
in various combinations make up the existent varieties of wheat. With 
some few exceptions this has now been done, and it has been shown that 
nearly all the outstanding features of importance from an economic point 
of view ‘ Mendelise’ and can be brought together in any desired combina- 
tion. Thus, by way of an example, a wheat of the general character of 
Rivett wheat, with its beard, grey colour, and rough chaff, but producing 
strong grain like that of Red Fife, can be bred and fixed in three genera- 
tions by crossing Rivett wheat and Red Fife. Again, the same cross will 
give the corresponding beardless or white and smooth-chaffed types. 

In view of the steadily increasing demand for strong wheats and the 
general shortage of the world’s supply of such sorts much attention has 
been paid to the inheritance of this characteristic. To simplify matters a 
strong wheat was defined as one capable of yielding a light and well-piled 
loaf—that is to say, a loaf of large volume, which stands well and does not 
flatten out in the baker’s oven. Such a definition was necessary in view 
of the conflicting opinions current as to the real meaning to be attached to 
the term ‘strength.’ 

Before deciding on the best varieties to use as strong parents many 
preliminary trials had to be made, These tended to show that strength was 
not so simple a characteristic as might have been expected. Many varieties 
possessing this feature in a high degree in their own countries, when grown 
under our climatic conditions gave wheat no stronger than our own weak 
sorts. This appeared to be particularly the case with some of the finest of 
the Hungarian varieties. Some few varieties, on the other hand, produced 
excellent grain when grown year after year in this country. One of the 
best examples of these varieties is Red Fife, or Galician wheat. This has 
now been grown over a period of sixteen years, chiefly in the West Midlands 
but also in many other parts of the country, and its grain can still compete 
on equal terms with the Red Fife imported from Canada as ‘ Manitoba 
Hard.’ 

It is with strength of this type—the strength determined not merely by 
climatic conditions, though possibly varying a little from season to season 
—that the breeders of this country are concerned. Further, as Red Fife 
appears to retain its strength wherever it is grown, it is not improbable 
that this variety will prove to be the progenitor of the world’s strong wheats 
in the future. Unfortunately there are many drawbacks to its cultivation 
in this country, and it is doubtful whether it will ever become one of our 
staple varieties, except, possibly, in some few localities. .On many soils it 
is an indifferent cropper, and even in those places in which it gives a satis- 
factory yield the straw does not stand as well as that of our common wheats. 
Could the breeder only combine its excellent quality of grain with a heavy 
cropping capacity and stiff straw he would obtain a variety which would 
go far towards making wheat again the most profitable crop of the farm. 
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The solution of such a problem requires a knowledge of the inheritance 
of characteristics peculiarly difficult to deal with. A casual inspection of 
a plant is sufficient to determine whether it is bearded, velvet-chaffed, red, 
&e., but strength, yield, and stiffness of straw cannot be determined so 
steadily. In fact, the single plants the breeder now deals with—instead of 
the mass, as before—give him no information of value as to capacity to 
afford a heavy yield of grain or stiff straw. Such features can only be 
determined by actual and, in view of their number, costly field trials. In 
the characteristic ‘strength’ the problem is not quite so complex, as by 
choosing varieties showing extremes of strength and weakness as parents 
it is possible to differentiate these with sufficient accuracy for technical 
purposes when segregation has occurred. 

The mode of inheritance of strength was first determined by crossing 
Red Fife with Rough Chaff, the former parent having strong grain of a 
red colour, the latter weak grain of a white colour. Like most weak wheats; 
the grain of Rough Chaff is soft and of a texture well described as floury, 
whilst that of Fife is hard and translucent. The texture of the grain has 
proved singularly constant under our experimental conditions and a good 
index as to the baking quality of flour from the grain. The generation 
raised from the plant arising from this combination of the parents, the F., 
of the Mendelians, showed obvious segregation into strong and weak wheats, 
these characteristics being entirely independent of such others as the velvet 
nature of the chaff, the grain colour, &c. Thus in this generation the 
following obvious types occurred :— 


Strong, velvet-chaffed, red. Weak, velvet-chaffed, red. 
Strong, velvet-chaffed, white. Weak, velvet-chaffed, white. 
Strong, smooth-chaffed, red. Weak, smooth-chaffed, red. 
Strong, smooth-chaffed, white. Weak, smooth-chaffed, white. 


On determining the proportion of strong-grained to weak-grained indi- 
viduals there were found to be three of the former present to every one of 
the latter, the distribution of the two forms being uniform in the eight 
types mentioned above. Strength in this case, then, proved to be simply 
dominant to lack of strength. In the following season a number of pure 
strong types were isolated and grown on again the following year, in order 
to obtain sufficient grain for tests in the bakehouse. The results of these 
tests confirmed the view arrived at from an examination of the grain of 
the F., generation, and left no doubt that the strength of these hybrids was 
of the same order as that of the parent Red Fife. ; 

In many other cases the simple Mendelian ratios are not so readily 
ascertainable, owing to the varieties chosen as the weak parents producing 
semi-translucent grain. Under such conditions the well-known chewing test 
of the wheat buyer is generally sufficient to show that segregation has 
occurred and to enable the breeder to pick out the strong types for further 
tests. 

Whilst these investigations were in progress some of the late W. Farrev’s 
Fife crosses were being obtained in sufficient bulk for baking tests. These 
also proved to be ‘ fully as strong as Fife.’ Thus the facts at our disposal 
seem to warrant the statement that strength is a unit character. Com- 
plications may and probably do exist, much as they do with the colour 
characteristics of wheat, but of this nothing is known at present; so far 
the only exception taken to this view has been based on cases in which the 
actual baking strength of the parent plants is unknown. 

The strong wheats of the world are at present cultivated almost exclu- 
sively in countries in which the yield per acre is small; where large yields 
are the rule the weaker types only are in general cultivation. It has con- 
sequently been assumed that strength and lowness of yield are correlated 
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with one another. If this view be correct, the combination of heavy yield 
with strength is an impossible one. At present little evidence can be 
brought forward from one side or the other, though it is worth noting that 
in some few districts in England Red Fife crops as well as Square Head’s 
Master. Such fresh evidence as can be brought forward at this stage points, 
however, to the incorrectness of the general view, and seems to show that a 
heavy crop of good quality is by no means an impossibility. 

The best proofs of its possibility or otherwise would be afforded by a 
detailed study of the inheritance of yielding capacity, a matter on which 
it must be admitted we know little at present. That it is a unit 
character is perhaps indicated by the fact that some varieties are con- 
sistently heavier yielders than others even under a wide range of variation 
in the conditions. For instance, Square Head’s Master has, on this account, 
gradually driven such varieties as Red Lammas, Chiddam, Talavera, &e., 
practically out of existence. Further, the cultivation of a long series of 
hybrids between heavy and comparatively low yielding wheats seems to 
point to segregation of these features. Exact statistics, however, are very 
difficult to obtain owing to the wide range of fluctuating variability in this 
character and the difficulty of growing plants under sufficiently uniform 
conditions to eliminate this. Even when the outer rows of an F., culture 
are neglected as consisting of obviously favoured plants, gaps, due to 
failures in germination or the attacks of mice, &c., give neighbouring plants 
a greater root range and better opportunities for development than others. 
In the absence of such information one has to fall back on the yields of 
the plots grown from the F., generation and then on the crops of succeeding 
years, basing conclusions as far as possible on plots of sufficient acreage 
to give trustworthy returns. For this purpose the Fife hybrids mentioned 
previously are fairly suitable, as under the conditions under which these 
experiments were made Fife barely yields twenty bushels to the acre, whilst 
Rough Chaff may be expected to give a good average yield of thirty-two 
bushels. 

In making the selections for further cultivation these strong types, 
promising to give the best yield, were deliberately chosen. Some forty of 
these, which have been tested in plots varying from one-quarter to three 
acres in extent, have given in each case yields of the same order as the 
parent Rough Chaff and over 50 per cent. greater than Red Fife on the same 
farm. On other soils some grown on the large scale have produced crops 
of forty-two to forty-four bushels, but in these cases the cropping capacity of 
Rough Chaff is unknown, though Fife is known to be a failure as regards 
yield. The evidence for the segregation of high and low yields is by no 
means final, but it is sufficient to show that high yields of good quality 
are not unobtainable. 

The question of heavy yields per acre is intimately connected with the 
power of resisting the various diseases to which the wheat crop is liable, as 
no plant crippled by the attacks of a parasite can be expected to yield its 
full quantity of grain. It is a well-known fact that if a large number of 
varieties of any plant grown under the same conditions are exposed to the 
same chances of infection they show marked differences in the extent to 
which they become attacked by various parasites. This is well shown in the 
case of wheats and the various rusts which live upon them. In fact, it has now 
become part of the routine work of many experimental stations to collect 
and grow as many varieties as possible, with the view of selecting the most 
immune types for local cultivation. In our earlier tests several varieties 
were found showing an extraordinary power of resisting the attacks of the 
common yellow rust, Puccinia glumarum. Even in years when the rust 
attack has been at its worst they have shown only the merest traces of 
infection. Such immune varieties were at once crossed both with moderately 
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and with extremely susceptible varieties to determine whether the power of 
resisting disease would prove a unit character. In each case the hybrid 
plant proved susceptible to yellow rust, whilst its offspring consisted of 
immune and susceptible forms in the proportion of one of the former to 
three of the latter. In the many cases examined the segregation has proved 
to be exceedingly sharp. The property of resisting the attacks of yellow rust 
is thus shown to be a Mendelian recessive, and consequently all extracted 
immunes should breed true to this feature in succeeding generations. This 
point has now been tested many times, with concordant results in all cases. 
Further, the experiments have shown that immunity is independent of any 
recognisable morphological characters. Thus in the case of yellow rust there 
appears to be no valid reason why the plant breeder should not mitigate 
the evils of its attacks by using this knowledge as a basis for the production 
of resistant varieties. The attempts already made seem to show conclusively 
that this is practical. One example must suffice. From a cross between 
Square Head’s Master and a resistant variety found in Russian Ghirka 
wheat two very promising wheats, one immune and one susceptible, were 
isolated and grown on for comparison. In 1909, a moderately bad rust 
year, three-acre plots of these varieties were grown alongside one another. 
The susceptible variety gave one of the most striking plots of wheat on the 
experimental farm; the immune variety also grew into a good crop, though 
farmers visiting the station almost invariably preferred the former, in 
spite of its rustiness. At thrashing time, however, the effects of the attack 
became obvious, as the susceptible variety only yielded some forty-two 
bushels of grain per acre, as compared with fifty-four bushels per acre from 
the immune variety. The grain of the former was also so shrivelled that it 
was only fit for chicken food, whilst from the latter less than a half per 
cent. could be screened when dressing it for seed. 

If the attacks of yellow rust can be controlled in this manner it is 
reasonable to suppose that the still more serious black rust (Puccinia 
graminis) can also be brought under control. At the present time the most 
that can be said is that some evidence pointing in this direction has been 
obtained. The problem will, however, have to be solved elsewhere, for even 
with plantations of the alternative host, the Barberry, in the vicinity of the 
trial plots, we cannot count on a yearly epidemic of this rust to test the 
varieties thoroughly. 


4. Wheat Breeding in Canada. By Cuartes E. Saunpers, Ph.D., 
Cerealist of the Dominion Experimental Farms. 


On account of the vast extent and the varied climatic conditions of 
Canada, it is necessary to mention briefly the six chief sections into which 
the country may be divided on the basis of its wheat production. 

I. The Maritime Provinces: Nova Scotia, Prince Edward Island, and 
New Brunswick.—In these large tracts of country not very much wheat is 
grown. Most of the grain is sown in the spring, and the yields obtained 
are usually good, the kernels being plump, but rather soft and starchy. 

II. Quebec and Northern Ontario.—Spring wheat rather than winter 
wheat is usually grown, although the total quantity produced is not very 
great considering the numerical strength of the farming population. The 
kernels of the spring wheat produced in this section of Canada are usually 
somewhat smaller and harder than those grown in the Maritime Provinces. 
When the varieties which yield the strongest flour are sown, the wheat 
from this area is scarcely surpassed by that grown in any other part of 
Canada, though in appearance it is usually less attractive than the grain 
from the Western prairies. 
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IIT. Southern Ontario.—The mild winter and the rather hot and dry 
summer make the conditions in this region more favourable to winter 
wheat than to spring wheat. Most of the sowing is therefore done in the 
autumn, September and October being the favourite months. The winter 
wheat of Southern Ontario is typically large, plump, and quite starchy. 
When spring wheat is sown a variety of durum wheat known in Canada as 
‘Goose’ or ‘ Wild Goose’ is often used because it gives a better yield than 
the ordinary varieties used for bread-making. Goose wheat is used chiefly 
for feeding purposes or for the manufacture of macaroni. 

IV. Manitoba, Saskatchewan, and the Northern and Central Parts of 
Alberta.—This enormous tract of country is devoted very largely to the 
cultivation of spring wheat, which, as a rule, gives a good yield and 
produces kernels of a hard, glutinous character scarcely to be surpassed. 
Winter wheat has been tried in some sections but has not proved uniformly 
successful. 

V. Southern Alberta.—Winter wheat has been profitably grown for 
many years in the south-western portion of Alberta, and the area devoted 
to it of late has been largely extended northwards and eastwards. Spring 
wheat is also grown in this portion of the Province but to a smaller extent 
than winter wheat. The yield per acre of winter wheat is usually large 
and the kernels are exceptionally heavy and hard. 

VI. British Columbia.—This Province does not produce very much 
wheat, though it is found profitable where grown. Both winter and spring 
varieties are sown. The diversity of climates in this Province is so great 
as to render impossible any general descriptive remarks on the subject. 

From the details just given it will be readily seen that the position of 
winter wheat in Canada is distinctly subordinate to that of spring wheat. 
In order, therefore, to bring the subject within reasonable limits all dis- 
cussion of the work which has been done in this country with winter wheat 
is omitted. 

Most of the breeding and selecting of varieties of wheat in connection 
with the Dominion Experimental Farm system has been carried on at the 
Central Farm at Ottawa, where the climate in many respects resembles 
that of most of the spring wheat districts of Canada. The selections made 
at the Ottawa Farm are only provisional; the most promising varieties 
are afterwards sent to the various branch farms for further trial and for 
the rejection of any found unsuited to the local conditions. 

When the Dominion Experimental Farms were first established the 
settlement of the great prairie country of Central and Western Canada 
had not progressed very far, so that there were various problems of vital 
importance connected with the growing of wheat on the plains which 
awaited investigation. While, therefore, the needs of the older farming 
districts have not been overlooked, the most interesting branches of the 
work have been those concerning the great wheat-growing plains. The 
short summer of the prairies emphasised the need for early-maturing 
varieties of wheat, while the long distance between the farmer and the main 
centres of wheat consumption made it essential that only such varieties 
should be grown as would command an exceptionally high price in the 
world’s markets, so that the cost of transporting the grain would be rela- 
tively low. 

The prairie settlers found the famous Red Fife wheat very satisfactory 
on the whole, except in regard to the time taken to mature the crop, which 
in the less favourable seasons was rather too long; so that the fields were 
sometimes touched with frost before the grain was ready to be cut, thus 
very seriously lessening the farmers’ income. In hardness of kernel and 
in flour strength (the characteristics which perhaps chiefly determine the 
selling price of any wheat) this variety ranks at the head of its class. 
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What was needed, therefore, for the great wheat-growing plains was an 
early Red Fife: a variety having all the good qualities of ordinary Red 
Fife with the added excellence of earliness. 

To meet this need, early-ripening varieties of wheat were imported from 
various countries by the Director of the Experimental Farms, and at as 
early a date as possible experiments in cross-breeding were begun for the 
purpose of combining in one sort all the desired qualities. Naturally, Red 
Fife was used as one of the parents in the majority of the crosses which 
were effected, as this wheat perhaps possesses more good points than any 
other well-known kind from a commercial point of view. 

None of the early wheats imported from other countries proved satis- 
factory for our conditions, although some of them have been found of great 
value in cross-breeding. The new and improved varieties which have been 
or are being given to the public have therefore been produced either by 
cross-breeding (followed by selection) or by the mere selection of superior 
strains from existing sorts. Both of these lines of work have given valuable 
results, though selection alone has been found to be limited in its practical 
possibilities. 

The work of cross-breeding was begun by Dr. William Saunders (the 
Director of the Experimental Farms) and his assistants in the year 1888. 
The principal crosses which were made at that time were between Red Fife 
wheat (or White Fife, an almost identical sort) and an early-ripening 
variety which had been obtained from Russia. Some years later other 
crosses were effected, but the main interest has centred in the progeny of 
the first crosses, especially those known as Stanley, Preston and Huron, 
which are now widely distributed throughout the western provinces and 
which have contributed largely to successful wheat-growing in many of the 
less-favoured localities during the past few years. 

In the earlier years the system of selection after crossing was not so 
thorough as that now known to be necessary. The cross-bred varieties first 
introduced were therefore not quite fixed in some essential respects; and it 
devolved on the writer of this Paper, who was appointed in the year 1903 
to take charge of the work with cereals, to re-select all the varieties of 
wheat obtained from the crosses effected up to that time. By this re- 
selection, on Mendelian lines, of course the early cross-bred wheats have 
been distinctly improved ; the best of the new, selected strains combine to 
a very large extent the good qualities of both parents. Stanley, Preston 
and Huron, as now grown at the experimental farms, are vigorous, early 
sorts, ripening a few days—or sometimes nearly two weeks—before Red Fife, 
and having hard, bright kernels of the popular reddish-brown shade. In 
yield of grain per acre they often surpass Red Fife, even when the con- 
ditions are favourable to the latter sort, and in yield of flour in the mill 
they are quite satisfactory. From a commercial point of view they are all 
somewhat inferior to Red Fife, for while they produce flour of good quality 
it does not usually possess the remarkable baking strength which generally 
characterises Red Fife flour. Preston and Huron have a further but not 
very serious disadvantage of yielding flour of a deeper yellowish colour 
than that made from Red Fife. Stanley gives flour of the same shade as 
Red Fife. 

In addition to the three new varieties just mentioned, which inherited 
their early-maturing qualities from a wheat from Northern Russia, refer- 
ence should be made to three other cross-bred sorts, Marquis, Chelsea and 
Bishop, which owe their earliness largely to the fact that one of the parents 
in each case was a very early wheat obtained from India. Marquis and 
Chelsea are descended in part from Red Fife. Bishop is an Indo-Russian 
cross. Of these newer varieties Marquis is perhaps the most important, 
showing distinct superiority over the cross-bred varieties first introduced 
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in regard to the character of the flour, which both in strength and in colour 
is practically identical with Red Fife. Comparative baking tests carried 
on last winter with samples from the crop of 1908 showed that Marquis 
grown at Brandon, Manitoba, was equal in colour and strength of flour 
to Red Fife grown on the same farm, and was superior to Red Fife grown 
at Indian Head, Saskatchewan. The differences observed were not very 
great and might perhaps be reversed another season; but the high strength 
of Marquis is fully established by these and previous tests. Marquis is a 
beardless wheat having hard red kernels and resembling Red Fife in all 
respects, except that it is earlier in ripening. It ripens about with Stanley, 
Preston and Huron. 

Chelsea is a very early, beardless wheat, satisfactory in all respects 
except flour strength, in regard to which it ranks about with Stanley and 
Preston. It closely resembles the new, selected strain of Stanley, but seems 
to be earlier and perhaps more productive than that variety. 

Bishop is a still earlier wheat, possessing many good qualities, its 
remarkable productiveness being of special interest. It gives a rich-looking, 
yellowish flour of good strength, but not equal to the strongest varieties. In 
spite of its many admirable qualities the fact that it possesses a pale, 
yellowish skin prevents us from advising farmers to grow it for export; the 
Canadian grain inspection laws are based on the idea that wheats with 
a pale skin are usually of inferior quality, and the regulations in regard 
to the grading are so worded as to make it practically impossible for 
any farmer to obtain a fair price for a_yellow (or so-called ‘ white’) wheat 
in what is known as the Manitoba Inspection Division. Bishop has 
succeeded remarkably well at almost all points where it has been tested. 
As an instance of special interest I may mention that a large yield per 
acre of grain weighing 65 lbs. to the measured bushel was obtained from 
this variety last season at Lesser Slave Lake in a latitude about 400 miles 
farther north than Winnipeg. No doubt it will succeed very well much 
farther north than this. 

These new varieties and new strains of the older sorts are now being 
propagated for free distribution. Most of them were available to a limited 
extent for that purpose last winter. At present it appears that Marquis 
may take the lead as the best for export purposes of all the early sorts 
yet introduced, unless the selected form of Red Fife, mentioned later in 
this paper, should prove equally early. These two varieties are very much 
alike, though of quite distinct origin. 

In addition to the six varieties of wheat mentioned by name, which 
have all sprung from crosses made in the earlier years of the existence of 
the experimental farms, we have now on hand a large number of very 
promising varieties which have been produced from crosses made by the 
writer in more recent years. About 200 of these new sorts are now being 
propagated for further test and will probably soon be followed by several 
hundred others, from the progeny of the most recent crosses which at the 
present time are not quite fixed in type. Of course it is not intended to 
retain more than a few new varieties adapted to the various conditions of 
soil and climate in Canada. The task of eliminating the less desirable 
sorts will therefore be rather lengthy and difficult, especially as the baking 
strength of the flour must be considered in nearly all cases. 

When this work was commenced, the strength of the flour from any 
wheat could not be determined until a large quantity of grain was avyail- 
able, and even then we were dependent on the mere opinion of some commer- 
cial baker, not usually a trained scientist, as to the characteristics and 
value of the flour. Now, however, with the introduction of the small 
experimental flour-mill and the development of a scientific method of 
determining baking strength, this matter can be investigated much earlier 
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in the history of each variety; the conclusions reached are far more 
trustworthy than before. All new varieties intended for bread-making 
are tested in the baking laboratory before being distributed. In addition 
to the final baking tests I have used for several years a simple chewing 
test (taking only a few kernels of wheat) as a valuable guide to gluten 
strength and probable baking strength in the earlier stages of selection. 
This test was advocated as an essential aid in the selection of cross-bred 
varieties of wheat in the Bulletin on Quality in Wheat, published at 
Ottawa, October 1907. 

Results of considerable practical importance have already followed the 
introduction of these early maturing wheats, since they can be depended 
upon to ripen in some districts where the old standard variety Red Fife is 
often caught by frost. By the use of these earlier kinds the areas of profit- 
able wheat culture have been extended. Furthermore, a small acreage of 
some of the new sorts may be advantageously sown, especially on stubble 
land, even districts where Red Fife succeeds fairly well, so as to 
lengthen the harvesting season when labour is scarce; with the possible 
exception of Marquis, however, none of the new cross-bred sorts thus far 
introduced can be recommended in place of Red Fife in localities where 
that variety can usually be ripened. 

As an instructive proof of the value of early-maturing wheats some 
results obtained last season on the experimental farm at Lacombe in 
Central Alberta may be cited. All the spring wheat on that farm was 
somewhat blemished by frost with the exception of one very early variety, 
Downy Riga, which was cut before the first frost. The kernels were plump 
and bright with a smooth skin, and weighed 633 lbs. to the measured 
bushel. Huron, a little less early, was still so well advanced at the 
time of the frost that the kernels when threshed were plump and weighed 
62 lb. to the measured bushel. The bran, however, was so much roughened 
by the frost that the wheat would have been graded quite low if offered 
for sale. Red Fife from the same series of plots was very seriously damaged 
by the frost, the kernels being rather shrivelled and the bran somewhat 
rough. The weight of a measured bushel was only 584 lbs.; the yield 
18 bushels per acre. Downy Riga gave 31 bushels and Huron 374 bushels 
per acre. 

While the results achieved thus far are of great value, still further 
advances are expected in the near future. Some of the new, hard, red, 
early wheats derived from the writer’s recent crosses are to be ground and 
baked during the coming winter; it is expected that from fifty to a hundred 
new sorts will be tested in this way every year for several years to come. 
Out of this large number we may confidently look forward to the discovery 
of at least a few varieties which will surpass any of those yet known by 
combining all the good qualities needed in an early maturing wheat for 
export. 

Though cross-breeding is essential for the production of new varieties 
of wheat radically distinct from any existing sorts, one may occasionally 
isolate by mere selection some fairly distinct type (a ‘sport’ or a 
‘mutant’) superior in certain respects to the variety from which it was 
selected. A considerable amount of selection has been carried on at Ottawa, 
and one at least of the new strains discovered promises to be of importance 
and ranks in interest with the cross-bred sorts. This is a strain of Red 
Fife wheat originated from a single early maturing plant found by the 
writer in 1903. This strain has been thoroughly tested both in the field 
and in the baking laboratory, and has been proved to be genuine Red 
Fife in all essential respects. It ripens earlier and shows certain other 
minor points of difference, but would be generally recognised as Red Fife. 
This wheat has now been grown for six years at Ottawa and was tested 
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during the present season at Brandon also; it is a strong grower and 
promises well. Its advantage in earliness over common Red Fife is only 
a few days under ordinary conditions; by no means sufficient to meet the 
needs of all districts, but quite enough to establish its value and to create 
a large demand for it. It has been named Early Red Fife and will, it 
is expected, be available for general distribution in small quantities after 
the next harvest. 

It would be quite in accord with popular ideas if we were to carry 
on repeated selections of Karly Red Fife for earliness through several 
years or decades, in the hope of obtaining still further advances in that 
direction. Unfortunately there are good grounds for believing that the 
further advances would ‘tease the patience of the centuries’ before any 
striking results would be obtained. Early Red Fife did not, in all pro- 
bability, acquire its earliness by degrees but at one step, at the same time 
as its other points of difference from the parent variety were manifested. 
In introducing this variety I do not claim that I have improved Red Fife 
wheat, but that I have discovered and isolated an improved type which 
had previously been mixed with the ordinary form. It is from cross- 
breeding followed by selection that one may expect the greatest advances in 
the direction of any desired change; and it is to cross-bred varieties therefore 
that we must look for still earlier wheats of high baking strength. 

We may now turn to some of the observations of a scientific character 
which have been made during the progress of this work. 

In regard to the inheritance of awns I wish merely to repeat my view 
that awns and the absence of awns do not necessarily form a pair of 
Mendelian unit characters, but that an intermediate condition is quite 
common (in wheats of cross-bred origin) in the first generation and also 
in succeeding generations. It has been asserted that strength and weakness 
of flour form a pair of Mendelian unit characters. Even after making 
all due allowance for the necessarily somewhat indefinite meaning of the 
words strong and weak, the writer finds it impossible to accept this view. 
(See Journal of Agricultural Science, vol. iii. p. 218.) 

Among other irregularities in inheritance, two may be mentioned which 
occur so frequently as to suggest that they may perhaps be regularities 
after all. When two varieties of wheat having reddish bran are crossed, it 
often occurs that in the second and later generations some of the progeny 
have yellowish bran. In regard to awns a somewhat similar phenomenon 
is often observed, namely, the appearance in the second and later genera- 
tions of fully bearded plants, both the parent varieties having been practi- 
cally awnless. In such cases I have never witnessed the production of 
intermediate or half-bearded types which are so common when bearded and 
beardless sorts are crossed. Perhaps the occasional production of downy 
chaff when two varieties with smooth chaff have been crossed may also 
belong to this same category, though it appears to be less common. 


~ 


5. The Influence of Good Seed in Wheat Production. By C. A. 
Zavirz, Professor of Field Husbandry, Agricultural College, 
Guelph, Ontario. 


That good seed is at the very foundation of good farming is as true 
in the case of wheat as it is in that of any other farm crop; seed is there- 
fore occupying the attention of investigators throughout the world. When 
we realise that about 11 per cent. of all the wheat grown, amounting 
to fully 300 million bushels, is used annually for seed, we can understand 
something of the great importance of the problems. 

A considerable amount of attention has been paid to the study of the 
seed of various classes of farm crops, ‘including wheat, at the Agricultural 
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College, Guelph, Ontario, during the past twenty years, but more par- 
ticularly during the past ten years. Both winter wheats and spring wheats 
are grown in the-province, the former the more extensively. The grain 
of the common wheats is principally used for the manufacture of bread, 
of pastry and of breakfast foods; that of the durum, or the macaroni 
wheats, for flour to mix with that of the softer winter wheats and for 
export to other countries; and the Emmer as feed for farm stock. This 
paper will be confined almost entirely to results of experiments conducted 
at the Ontario Agricultural College on the seed of the common wheat 
(Triticum vulgare). 

About fifty acres of land, divided into upwards of two thousand plots, 
are used for experiments with farm crops. The grounds have a gentle 
slope towards the south-west; the soil is an average clay loam. A four 
years’ rotation, consisting of grain, cultivated crops, grain and pasture, is 
adopted. Twenty tons of farmyard manure per acre are applied once every 
four years before the cultivated crops are grown. No commercial fertilisers 
are used except in distinct fertiliser experiments, to which only a small 
number of plots is devoted each year. The plots vary in size, according 
to the requirements of the different experiments; the yields per acre are 
determined from the actual yields of the plots in every instance. All of 
the experiments are conducted for at least five years; many of them are 
continued for a much longer period of time. 


Varieties of Common Wheat (Triticum vulgare). 


Three hundred and seventy-three varieties of wheat have been tested for 
at least five years. Those which have made high records at the College 
have also given good returns in the co-operative experiments conducted 
throughout Ontario on hundreds, and even thousands, of farms. I¢ is 
interesting to note that those varieties which took the lead in the 
experiments at the College, and were distributed for the co-operative 
experiments several years ago, are the most extensively grown varieties in 
the province at the present time. Other varieties of high quality are now 
being used both for distribution and as foundation material for plant 
breeding. 

When tested under uniform conditions of soil and climate, it is found 
that certain wheats are particularly strong in some respects and compara- 
tively weak in others. In order to secure a wheat best suited for the locality 
in which it is to be grown, it is necessary to have a proper blending of 
such valuable characteristics as strength of straw, yield per acre, quality 
of grain, &c. The differences in the varieties are shown in Table 1, giving the 
average results of twelve varieties of winter wheat and twelve of spring 
wheat which have been tested at the Ontario Agricultural College for several 
years in succession. The varieties selected in each class are those which 
have given the largest average yields of grain per acre, as determined on 
the experimental plots. 

Dawson’s Golden Chaff stands highest in average yield of grain per acre 
of the fifteen varieties of winter wheat tested in each of fourteen years. 
It produces a very stiff straw of medium length, beardless heads with red 
chaff and white grain somewhat soft, but slightly over the standard in weight 
per measured bushel. The Early Genesee Giant furnishes a straw of 
medium length and of fair strength, a short, compact, bearded head and 
a grain of fairly good quality. The Imperial Amber produces a large 
amount of straw which is somewhat weak, a bearded head, red chaff 
and a red grain of average quality. The Geneva, the Tasmania Red and 
the Turkey Red varieties yield about ten bushels per acre per annum less 
than the Dawson’s Golden Chaff and possess comparatively weak straw, 
but the grain is hard, weighs well per measured bushel and produces large 
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Average Results of Each of Twelve Varieties of Winter Wheat. 
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Average Results of Each of Twelve Varieties of Spring Wheat. 
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loaves of bread of good texture. The Crimean Red variety of winter 
wheat, which has been imported more recently, surpasses the Turkey 
Red in both yield and quality of grain, but the Crimean Red is even weaker 
in the straw than the Turkey Red. 

Minnesota No, 163 occupies the highest place in yield of grain per acre 
among the varieties of spring wheat tested at the College for five years. 
Its grain weighs rather light per measured bushel but has given very good 
results in bread-making. The Hungarian Red variety of spring wheat, 
which has surpassed the Red Fife by an average of 2°2 bushels of grain per 
acre and by 39 lb. in weight of grain per measured bushel, has also 
been superior to the Ontario-grown Red Fife for bread and has reached 
maturity four days earlier. The Hungarian Red wheat was imported by 
the Ontario Agricultural College from the Argentine Republic in the spring 
of 1903. It was distributed along with Red Fife throughout Ontario in the 
spring of 1908 for co-operative experiments, and proved to be superior to 
Red Fife both in yield of grain and straw per acre and in popularity with 
the experimenters. It certainly shows some strong features as foundation 
stock for plant breeding. 
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Selection of Seed. 


Within the past fourteen years a large amount of experimental work has 
been done to determine the influence of different selections of seed upon 
the resulting crop. For the wheat experiments, fresh seed was taken each 
year from the general crop of grain grown in the large fields. The results 
therefore represent simply the one year’s influence from seed selection, but 
the experiments were repeated from season to season so as to secure a good 
average of conditions of soil, temperature and rainfall. For the large 
sample, none but well-developed seeds were selected; for the small sample, 
none but sound, plump and comparatively good seeds of small size were 
used; for the shrunken sample, none but shrunken grains of good size were 
selected ; and for the broken sample, none but seeds which had been broken 
by the threshing machine were included. The selections were made with 
great care by the use of sieves and then by hand-picking the seeds. A 
quantity of the large, plump grains sufficient to sow a plot twenty-five 
links square was carefully weighed out and the grains were then counted. 
A corresponding number was then taken of the small, the plump, the 
shrunken and the broken seeds. The different lots were sown upon plots 
made as uniform as possible. The following table gives the average results 
obtained from the various selections of both winter wheat and spring 
wheat :— 


| Average Annual Yield of Grain per Acre (Bushels) | 


| Crops Number of Large | Small | Shrunken Broken 

Years Tested Seed | Seed | Seed Seed 
Winter wheat 6 | 469 | 404 | 394 3 | 

| Spring wheat ait 8 | 21°7 | 10 | 16:7 — | 


The results of the twelve separate tests made at the Ontario Agricultura] 
College with winter wheat show an average increase in yield of grain per 
acre of 65 bushels from large, as compared with small seed; of 78 bushels 
from plump, as compared with shrunken seed; and of 35°6 bushels from 
sound, as compared with broken seed; in sixteen separate tests with spring 
wheat, of 3°7 bushels from large, as compared with small seed; and of 
5 bushels from plump, as compared with shrunken seed. 

In the average of five years’ experiments with winter wheat, seed which 
was allowed to become thoroughly ripened before it was cut produced a 
greater yield of both grain and straw and a heavier weight of grain per 
measured bushel than that produced from grain cut at any one of four 
earlier stages of maturity. 

Occasionally in Ontario the rains are so abundant at the time of 
harvesting the wheat crop that the grain becomes sprouted more or less 
in the shock or even before it has been cut. As the crop dries, germination 
is checked and the grain hardens. It is often a question as to whether such 
grain which has thus started to germinate is as valuable for seed purposes 
as that which was secured without becoming sprouted. In each of two 
different years very careful germination tests were made at the College 
of winter wheat which was out during wet weather and which became more 
or less sprouted. Several varieties were used each year. The average 
percentages of germination were as follows: Seed which showed no outward 
sign of germination, 94; seed slightly sprouted, 76; seed considerably 
sprouted, 30; and seed badly sprouted, 18. It will therefore be seen that 
sprouting injures the grain a great deal for seed purposes. When the grains 
are badly sprouted, fully four-fifths of them decay in the ground; those 
which do germinate afford very uneven plants. 
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From the results of experiments here presented in the selection of seed, 
we see clearly the advantage of sowing large, plump, sound, well-matured 
seed of strong vitality if the best results are to be obtained. 


The Improvement of Wheat by Systematic Selection and by 
Cross-fertilisation. 


A careful study of a large number of varieties of wheat for several 
years in succession furnishes excellent foundation stock for work in plant 
breeding. For a number of years past, particularly since 1902, a con- 
siderable amount of work has been done at the Ontario Agricultural 
College in the hope of improving some of the best varieties of wheat 
through selection and through cross-fertilisation. Selections have been 
made of the Dawson’s Golden Chaff, Imperial Amber, Bulgarian and 
Turkey Red varieties of winter wheat and of the Red Fife variety of 
spring wheat. Some of these selections have been made by using choice 
heads obtained from the large fields, others by using superior plants 
obtained from about nine thousand plants of each variety, the seed of which 
was planted in rows one foot apart, the plants being one link apart in the 
rows. For sowing in rows the following year, the best quality of seed from the 
selected plants was used. The seed from those strains which produced the 
best results in the rows was used for both rows and small plots in the 
year following. In the next year, the seed of strains giving the best results 
both in the rows and in the small plots was sown in rows, in small plots 
and in larger plots, so that the results of the new strains could be com- 
pared with those of the standard varieties. We have thus been able to 
obtain strains giving larger yields of grain of better quality than the 
original varieties. Especially has this been true with Dawson’s Golden 
Chaff, the Bulgarian, and the Turkey Red. 

With the object of combining the good qualities and eliminating the 
undesirable characteristics of the leading varieties of wheat, work in 
hybridisation was started in 1902 and has been continued each year since 
that date. Crosses have been made between the Dawson’s Golden Chaff 
and the Turkey Red, the Bulgarian, the Tasmania Red, the Buda Pesth, 
the Geneva and the Imperial Amber varieties of winter wheat; between 
the Bulgarian and the Turkey Red varieties of winter wheat ; between the 
Red Fife spring wheat and the Turkey Red winter wheat; between the 
Red Fife and the Herison Bearded varieties of spring wheat; and between 
the Red Fife spring wheat and the Wild Goose and the Medeah varieties 
of durum wheat. In 1909 no less than 21,365 hybrid plants of winter 
wheat and 32,698 hybrid plants of spring wheat were grown separately in 
the experimental grounds. Besides these, fifty-nine plots of winter wheat 
and seventeen plots of spring wheat hybrids were under test. The results 
obtained are exceedingly interesting and very promising. To give these 
results even in concise form would require a lengthy paper in itself. In 
connection with this work we are exceedingly grateful for the information 
and the inspiration of such men as Gregor Mendel, Dr. de Vries, 
Dr. Nillson, Prof. Bateson, Dr. Wm. Saunders, and others. The writer 
firmly believes that there was never a time in which the outlook for the 
work in plant breeding was as promising as it is at present. Good seed 
has a meaning far deeper and far more significant than many of us have 
realised in the past. 


6. Individuality in Plants. By L. S. Kuixcx, Macdonald College, 
Quebec, Canada. 


No two plants are exactly alike. Indeed, a close study of thousands 
of individuals reveals striking differences, not only between plants of the 
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same species but even between individuals of the same variety. The 
majority of plants constituting improved varieties of cereals, in this 
country, reveal on close examination striking morphological and substantive 
differences. 

Morphological differences are most readily noticed. Tach plant in a 
plot cf thousands may have its own individuality and still bear un- 
mistakable evidence of belonging to the same variety. Substantive 
differences, on the other hand, are more subtle. In individual plants these 
qualities cannot be measured, weighed, or accurately determined. Know- 
ledge of correlations may be of service in helping to arrive at a decision, 
but the ability of a plant to transmit its characters must be the final test. 
The closest study of the physical characters of a number of plants, with 
a view to securing uniformity in general conformation, will come far short 
of enabling the breeder to determine the projected efficiency of the indi- 
viduals under consideration. Such information can be obtained only by 
testing separately the progeny of each plant under conditions as nearly 
uniform as possible. 

For this purpose the centgener system was devised—a system which 
renders possible the testing of a large number of mother plants whereby 
a record of the performance of each plant is obtained. The plant is the 
unit of selection. The centgener is a trial plot of one hundred grains 
planted from the product of a single mother. 

A prime requisite in planting a foundation bed from which mothers are 
to be selected is to have all the plants grown under conditions as nearly the 
same as possible. To secure this equality of opportunity, so far as external 
conditions can be controlled, carefully chosen grains taken from hand- 
selected heads of the most promising varieties are planted in foundation 
beds four inches apart each way. The plants resulting from this seeding 
are pulled and studied separately in the field at harvest time and are 
subsequently subjected to a more severe test in the laboratory. So rigorous 
is this selection, based on the physical characters of the plants, that not 
more than one in five hundred is considered eligible for trial in the cent- 
geners. The same fundamental tests are applied to the centgeners as were 
applied the previous year to the individual plants in the foundation beds. 
This reduces the number eligible for registration to one in one thousand, and 
frequently this proportion cannot be had. Full notes are taken on the 
centgeners in the field, and the next season multiplying plots are sown 
broadcast from those centgeners which have the best performance record. 
In the fifth year the product of the multiplying plots enters into competition 
with the original variety. If, in this contest, it proves superior to the 
original stock it will be multiplied on the general farm as rapidly as 
possible and sold to the farmers at a reasonable price. 

In our work so far, numerous variations, some desirable and many 
undesirable, have been isolated from the 550,000 plants studied during the 
past three years. The progeny of many of these mothers has differed widely 
from the parent plant and consequently from each other; the progeny 
of each mother from the best plants has always been remarkably uniform 
within itself, and, with few exceptions, which we have not as yet proven 
to our satisfaction, has come true in the multiplying plots. In well- 
established varieties of oats of known breeding and purity, some strains 
have been isolated which ripened two weeks before others, and equally 
striking differences have been observed and perpetuated. This holds true 
under practically every heading under which oats are judged in the field 
or in the laboratory. Even among the most productive individuals the 
range in yield is surprising, the area covered in the third generation from 
one kernel of Joanette oats in one case being 127°78 square feet and in the 
other 0°89 square foot, one 144 times the other. The latter, in addition 
to being a very low-yielding strain, was also very poor in quality. 
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While equally striking differences have not been discovered in wheat, 
barley, emmer, spelt, peas, soy beans, or corn, the range has been remark- 
ably wide in all of these classes. The purest strain of Mensury barley 
obtainable has yielded a number of distinct types with widely different 
characters, which have so far given every evidence of high yield and fixity 
of type. The outstanding point, which even the most casual observer never 
fails to note, is the remarkable uniformity which characterises the different 
strains, while length of straw, time of ripening and general conformation 
make their appeal to the eye of the cerealist. 

From our work we are not prepared to say that this remarkable 
uniformity will continue. Sufficient work has been done to direct atten- 
tion to the need of a more careful study of the individuality of plants and 
to emphasise the still more important point that this range is as wide in 
the projected efficiency of the plants as it is in the morphological differences. 
It may also be of service in drawing attention to the necessity of obtaining 
fuller knowledge of the parentage of plants mated before breeding is under- 
taken by crossing or by hybridising. 


7. Quality in Wheaten Flour. By A. KE. Humpnrims. 


Good quality is an outcome of excellence in several respects ; these have 
been stated to be strength, colour, flavour. This list, however, should be 
extended to cover at least five qualities, as the term ‘strength’ frequently 
includes (a) ‘ stability,’ which should be taken to indicate the facility with 
which large masses of dough can be handled in the bakehouse; (b) the 
capacity for making a large quantity of bread from:a given weight of flour; 
(c) the size and shape of loaf. 

These subdivisions of ‘strength’ should be regarded as essentially 
different characteristics, frequently combined in the same flour but in 
reality independent units of quality. Strength should be defined as ‘the 
capacity for making large, shapely and, therefore, well-aerated loaves.’ 
High dietetic value is the result of the proper combination of various 
qualities and need not therefore be specified as a separate characteristic. 

It should be remembered that in the economy of Nature wheat is 
a seed. The true function of the husk is to protect the food of the 
plantlet, and it therefore resists disintegration and can be found in 
existence in the ground six or nine months after planting. The endosperm 
or kernel is converted by the action of enzymes, operating on a damp or 
wet pabulum, into the food of the plantlet until the latter is able to get 
its sustenance from soil and air. These agents and operations have to be 
controlled or influenced by the miller and baker when wheats and wheaten 
flour are diverted from their natural functions to use as food for man. 

Flavowr.—If an extremely small proportion of diastase—say 0.02 per 
cent. of absolute diastase or its equivalent in the malt extracts of com- 
merce—be added to flour in milling or in baking, a very perceptible improve- 
ment in flavour is produced. If sugar itself be added its effect on flavour 
is either nil or harmful. It seems, therefore, that the improvement in 
flavour due to the addition of diastase is caused by the production in 
fermentation of intermediate products of a dextrinous nature. An im- 
provement in flavour is usually or frequently correlated with an increased 
moistness of the bread. The water-retaining capacity of dextrinous matter 
is well known. One charge against modern milling is that the germ of 
wheat is now extracted. In a Paper (‘Modern Developments of Flour 
Milling’) read before the Royal Society of Arts in 1906 the author showed 
that a substantial proportion of the germ was extracted by millstone milling, 
but a larger proportion is extracted by roller milling. The percentage of the 
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wheat extracted as germ by either process is very small, but as a consequence 
enzymic action is diminished to an appreciable extent. Some harm is also 
done to flavour, but, on the whole, it is desirable to extract the germ. 
Enzymic action depends not only upon the presence of enzymes in sufficient 
quantity but upon the physical state of their pabulum. The methods of 
milling, in particular the skilful use of water in conditioning the wheat 
before grinding or in the processes of grinding and separating, or even the 
addition of water by the miller to certain flours after milling, may 
materially assist enzymic action. 

Colowr.—Opinions differ as to whether perfection of colour implies 
whiteness of chalky or of creamy hue; all are agreed it should imply 
brightness of appearance in crumb and crust. Excellence of colour in 
bread cannot be measured by any absolute colour standard. It is largely 
a question of optics. Refraction and reflection of light most materially 
affect the judgment of the observer in looking at a loaf of bread. A flour 
which is white or even very white but weak may make puddings of good 
colour, but loaves of poor dingy appearance. However, if an improved 
aeration be effected, either by successful treatment of the flour by the miller 
or baker or even by the admixture of some stronger darker flour, the 
resulting bread is made to appear much whiter. The causes which affect 
colour in flour do not seem to have been definitely determined. Modern 
developments of flour milling have eliminated dirt and dark fungoid con- 
tamination and in increasing degree are still diminishing the amount and 
intensity of friction in milling, whereby discoloration due to the pulveris- 
ing of the husk is diminished. It is desirable to obtain a more thorough 
acquaintance with the colouring matter of wheat and flour to know with 
more precision what it is, how it is distributed by Nature in wheat and 
what happens to it in milling. 

Scientific and milling circles have been much exercised as to whether 
artificial bleaching of flour is due to nitrating or oxidising or to both. 
Chemists should consider the point why the addition of alkali turns some 
flours yellow and why the addition of acid or acid salts has sometimes a 
whitening effect. 

Cerealists and chemists might jointly consider whether it is a fact that 
climate materially affects the colour of wheat; for instance, whether a red- 
skinned wheat grown in California does in fact become white-skinned after 
a few seasons there, and if so what change has been effected in the nature 
and distribution in the berry of the colouring matter. 

Strength (Size and Shape of Loaf).—In most cases a large loaf is an 
indication of the high gas-yielding capacity of the flour from which it is 
made, and is ordinarily also an indication of high diastatic power. A 2-lb. 
loaf measuring 3000 c.c. is better aerated than one measuring 2,200 c.c., 
and is therefore more likely to be digested easily. A flour from which large 
shapely loaves can be made probably contains more nitrogenous matter than 
a weak flour and is therefore more highly esteemed from the dietetic point 
of view: The effect of these considerations in the commercial world is to 
cause a demand for strong flours and wheats, and as ordinarily there is a 
larger supply of weak wheats than of strong, the latter realise a higher 
price than the former. It has therefore become important to ascertain the 
ultimate cause of strength from the chemist’s point of view, also to ascertain 
whether the potential strength of any flour or wheat has been developed or 
utilised to maximum advantage. It has recently been stated or suggested 
that the quantity of gas given off in fermentation is either the direct cause 
of strength or is to be correlated with it. That proposition is untenable. 
A very large proportion of the gas evolved in panary fermentation is lost, 
either as a result of the mechanical handling of the dough or by gradual 
diffusion. The leak is not the same in the cases of all flours, and it was 
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shown at the last International Congress of Applied Chemistry (Humphries 
and Simpson) that the gas-retaining capacity of a set of flours indicated 
with substantial accuracy their relative strength. The gas-making capacity 
of any flour can be most materially modified by the baker or by the very 
latest developments of flour milling. The gas produced in the earliest stages 
of panary fermentation is lost so far as effective aeration of dough is con- 
cerned. All flours afford much gas in the early stages; and while some 
afford enough at all stages, very many do not. The total amount of gas 
evolved must be useless as an index of strength; for working purposes the 
gas evolved in the later stages of fermentation only may be used as an 
index. Even then any gas produced beyond what is necessary to overcome 
the leak and the relatively small quantity required for the inflation of the 
dough is wasted. It follows, therefore, that the problem before the miller 
or the baker is to make certain that any given flour should yield enough gas * 
for practical working purposes whenever panary fermentation is to be taken 
into account. 

It is obvious that the requirements of the yeast have to be considered ; 
it must have a sufficiency of proper food. In other words, it must have 
sufficient sugar, soluble nitrogen and mineral food (phosphates). An addi- 
tion of sugar sometimes increases the quantity of gas evolved in panary 
fermentation, sometimes diminishes it. My colleague Mr. A. G. Simpson 
(Humphries and Simpson—International Congress of Applied Chemistry, 
1909) explained that point as follows: When a mixture of flour and water 
is made, a large proportion of the water goes into combination and this 
proportion increases as time passes. The food of the yeast is that part of 
the flour which goes into solution when water is added in dough-making. 
The quantity of sugar found in a flour before a dough is made with it is 
not a correct index of the quantity which will be formed by diastatic action 
when water is added. The quantity so produced will depend not only upon 
the enzymes concerned in diastatic action but also upon the physical state 
of their pabulum. It is known that yeast cannot thrive in a liquid con- 
taining sugar if the concentration of the sugar be high, and it has been 
ascertained that for optimum results the concentration should not exceed 
15 per cent. From the foregoing considerations it will be gathered that 
during fermentation the proportion of water available to hold sugar in 
solution is diminishing, while a relatively large proportion of sugar is being 
produced as the result of diastatic action. It follows, therefore, that the 
concentration of sugar in the uncombined water may easily get beyond the 
proportion at which the optimum proportion of gas can be obtained. It follows 
also that, in certain cases, sugar can be added advantageously when an 
increased production of gas is desired ; it can also be added advantageously 
in some cases when it is desirable to retard fermentation. 

It may be asked whether the same principles apply in other cases of 
enzymic action. Can beneficial enzymic action be assisted or undesirable 
enzymic action retarded on such lines? Are there any reasons for believing 
that conditions favourable or unfavourable to alcoholic fermentation equally 
affect enzymic action? Has sugar a direct effect on the physical state of 
the gluten ? 

Mr. Whymper (in the Starch Section of the last International Congress 
of Applied Chemistry) showed by photo-micrographs and lantern slides 
that only a very small proportion of the starch particles is attacked by 
diastase. The small or smaller grains were shown to be unaffected by the 
diastase. Mr. Simpson has shown that, under certain conditions, a small 
proportion of flour converted into sugar a quantity of ungelatinised starch 
equal to 8 per cent. of the weight of the flour, but that under identical 
conditions the same quantity of the same flour converted a quantity equal to 
400 per cent. of its own weight into sugar when gelatinised starch was used. 
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It seems, therefore, that the cellulose envelope of the starch cells is the 
impediment to the maximum effect of diastatic action. 

These points have a direct bearing upon a point which arises in milling 
concerning fine versus coarse dressing—whether it is desirable to make a 
lively granular flour or a softer feeling flour consisting of much smaller 
particles. The latter should contain a much larger proportion of fissured 
cells than the former. 

The author has found that flours made from wheat produced in very 
hot, dry climates, as a rule, yield relatively small quantities of gas in 
panary fermentation. The starch so produced by Nature becomes so stable 
and so resists disintegration that in fermenting flour made from such wheats 
under old conditions of milling proper diastatic action is not produced ; 
by the skilful application of water, or by adding either malt extract or 
proper yeast foods, or by a combination of these methods, the miller can and 
should produce flour capable of making better and more nutritious bread. 

Four years ago the author found that if an aqueous extract of bran be 
added to the water used in bread-making it has a marked effect in increasing 
the size of loaf from certain flours, the effect being substantially the same 
even if the extract be boiled. After analysing this extract and adding the 
various constituents found therein to many flours during the processes of 
bread-making, he found that when sugar was added it operated in ways 
already described; that absolute diastase or its equivalent in malt extract 
in many cases operated most beneficially ; that nitrogen added in the form 
of more or less decomposed peptone, or better still in the form of ammonium 
phosphate, did a great amount of good in some cases; lastly, that the three 
phosphates forming almost exclusively the mineral matter of flour (phos- 
phates of potash, magnesium and calcium) operated very beneficially in 
some cases. The phosphates did good frequently, even when the gas evolved 
in fermentation was reduced as the result of their use; the explanation of 
the benefit so obtained was not forthcoming until Professor T. B. Wood 
showed how dilute solutions of various acids, alkalis and salts had a very 
great influence on the physical characteristics of gluten. 

It is desirable to ascertain whether these phosphates have a toughening 
effect on all flours or only in some cases; also whether it is desirable to 
obtain a proper balance of the three phosphates; in other words, whether 
it is the presence of any one in sufficient quantity which is essential or 
whether all that is necessary is to secure the presence of either or all in 
sufficient quantity. 

If the soluble extract of the entire husk of wheat be used—that which 
the consumer would swallow in eating wholemeal bread—the effect on the 
bread is bad, but if we select from the whole set of constituents those which 
are desirable, we obtain good and sometimes very good results. 

In view of the beneficial results obtained from treatment of some flours 
with these phosphates experiments in manuring wheat should be made with 
the phosphates of potash and magnesium instead of with the sulphates, so 
that it may be seen whether the plant can assimilate a larger quantity of 
these salts than it ordinarily does, and whether an increased quantity of 
the salts if found in wheat so manured has any effect on the quality of the 
flour and in particular on the quality of the gluten. The substitution of 
ammonium phosphate for sulphate of ammonia or nitrate of soda should 
also be tested. 

As a result of panary fermentation the nitrogenous matter of flour 
originally insoluble in water becomes soluble to a very large extent indeed. 
It is desirable to ascertain whether this change should be helped or retarded 
and what is the optimum degree of such solubility. 

Stability of Dough and Yield of Bread per Sack of Flowr.—It seems at 
first sight that the yield of bread per sack of flour is likely to depend upon 
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the degree of stability the dough possesses, as if a dough be particularly 
stable the baker should be able to handle it satisfactorily, even if he add 
a larger proportion of water. This is only partially true; if two flours be 
carefully tested there comes a point at which the maximum slackness of 
dough is reached in each case, but even then one dough may be more stable 
than the other, may be tougher and more resilient—that is to say sub- 
stantially better than the other. The consistency of the dough has to depend 
not upon the percentage of water it contains but upon its stability— 
that is to say upon the facility with which large masses of dough can be 
handled in the bakehouse. To get optimum results some flours should carry 
a relatively low and others a relatively high percentage of moisture, so that 
each shall produce the best results in bread. The baker is under no legal 
or moral obligation to the consumer to guarantee the water content of his 
goods, and if as a result of additional water, skilfully added, it is possible 
to produce better bread because it is better aerated or rendered more appe- 
tising, the addition of water needs no further justification. 

It is obvious that the yield of bread per sack will depend very largely 
upon the quantity of water which any given flour will absorb and retain. 
The variable limit as to what water various flours will take will be deter- 
mined by commercial practice and competition. There cannot be one uniform 
standard for the moisture which flours themselves should contain. The 
optimum figure will vary greatly according to many conditions and can 
only be determined satisfactorily by the miller and his skilled advisers. 

These two points of quality in wheaten flour should therefore be regarded 
as essentially different one from the other, although in most cases they are 
closely correlated. In the author’s opinion each country or district should 
produce those wheats which return the greatest yield of wheat fit for human 
food. In that way the grower gets in all probability the best financial 
return and the public interest is best sérved. It is well known that in 
certain districts better financial returns can be obtained by the grower if he 
produce wheats which are not highly esteemed in commercial circles. 


8. The Chemical Properties of Wheaten Flour. 
By E. Franxuanp Armstrona, Ph.D., D.Sc. 


Wheaten flour is composed of (1) starch, (2) proteins’ of several kinds 
and small quantities of (3) fat, (4) sugar, (5) cellulose, (6) mineral matters. 
In addition, air-dry flour contains from 9 to 16 per cent. of (7) moisture. 

Although starch is the predominating constituent, amounting to about 
70 per cent., most attention has been directed to the proteins. When flour 
is made into a dough and the starch removed from this by agitation 
with water, a sticky, elastic mass of a light-brown colour remains; this 
is known as gluten and consists almost entirely of protein. 

The definition of ‘strength’ now generally adopted (see Humphries, 
p- 775), based as it is on the character of the final product—the loaf— 
covers so many factors that it cannot be strictly correlated with chemical 
composition. It is, however, to be supposed that the determination of 
certain factors or groups of factors should enable some idea of the relative 
baking values of flours to be gained in the laboratory; experience has 
confirmed this view. The chemist requires the miller and the baker to 
define, as precisely as possible, the particular points they look for in a 
satisfactory wheat or flour. Mr. Humphries has rendered great service by 
his attempts to do this. 


1The term protein is the modern equivalent of the older terms proteid 
or albuminoid. 
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In the following a brief review is given of the factors with which 
strength has been associated in the past. The explanation of ‘strength’ 
from the chemical point of view must be treated as a separate problem. 

The preparation of sample loaves from a given flour still remains the 
most satisfactory test. It is essential that such loaves be prepared with 
scientific accuracy, under definitely standardised conditions, so that the 
only variable is the flour itself and possibly the amount of water used for 
doughing. Every mill desiring to produce uniform products is bound to 
have a laboratory for this purpose. 


Gluten. 


The oldest idea is that ‘strength’ is due to gluten; that in virtue of 
its elasticity this retains in the dough the gas produced during panary 
fermentation, and enables the dough to distend and keep up when baked. 
Flours containing most gluten should be the strongest. Experience has 
shown that a high gluten content is usually associated with strength, but 
in a great number of instances it has been found that of two flours, that 
with the higher gluten content behaves as the weaker when baked. Scientifi- 
cally, therefore, gluten content cannot be considered an absolute measure 
of strength, although obviously connected with it. 

Total Nitrogen. 

Some of the proteins of flour are soluble in water and therefore are 
removed during the process of washing out the gluten. The determination 
of total nitrogen in a flour is less liable to the errors affecting the empirical 
methods of estimating gluten, but the results of such determinations are 
roughly parallel to the gluten content and afford no absolute measure of 
strength. Equally unsatisfactory is the determination of nitrogen in the 
dry gluten. 

No doubt future work will involve the study of the forms in which 
nitrogen is present. 

All measurements hitherto made indicate that strength depends on the 
quality rather than on the quantity of the proteins in flour. However, the 
protein content, when judging normal flours, is undoubtedly the best single 
measure of strength. 


Quality of Gluten. 


No satisfactory chemical data by which this can be gauged have been 
obtained. Measurements have been made, for example, of the power of 
expansion when a definite weight of gluten is heated in metallic cylinders 
to a definite temperature. Of greater significance is the water-holding 
capacity or hydration ratio as measured by the ratio of the wet gluten 
immediately after extraction under carefully standardised conditions to 
its weight after drying. The ratio is on the average about 3: 1; that is, 
gluten carries about twice its weight of water. No generally accepted regu- 
larity has been demonstrated, but in gluten from strong flours the ratio 
is as low as 2.6, whilst in that from very weak flours the ratio is often 
above 3. As Mr. Hardy points out in the following paper, this ratio is; 
to be associated with the mineral content of the flour. 

Emphasis must be laid on the fact that the method of determining gluten 
by washing is purely empirical and requires careful standardisation before 
comparative results can be obtained. Measurements of gluten at the best 
are but a rough-and-ready guide to more exact determinations; they have 
the advantage that they can be made quickly without special apparatus. 


Gliadin Ratio. 


Crude gluten consists mainly of two proteins: gliadin, soluble in alcohol 
and glutenin, soluble in very dilute alkalis or acids. It has been suggested 
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that the ratio of gliadin to glutenin, or the ratio of gliadin to the total 
protein in the flour, influences the quality of gluten and affords a measure 
of strength. Girard and Fleurent suggested the proper proportion of gliadin 
to be 75 per cent. of the gluten. Snyder fixed the ideal ratio at 65 per 
cent., but experience has not supported these views; the gliadin ratio is 
erratic and apparently of little value for diagnostic purposes. A. D. Hall 
has adversely criticised the determination of the percentage of gliadin as 
an indication of strength; F. T. Shutt considers it to be more valuable, 
and suggests there is an indication of a relationship between the maturity 
of the grain and the gliadin content. The more fully ripened wheat 
contains the higher proportion of gliadin. The subject evidently demands 
further study. 


Proteins of Flour. 


As already indicated, wheat contains more than one protein. Gliadin 
and glutenin make up about 90 per cent. of the total protein matter of 
the seed; this in addition contains lewcosin, a so-called albumen, which 
is freely soluble in water and coagulates when the solution is heated. In 
gluten the gliadin acts as the sticky binding substance, whilst the glutenin 
serves to fill up the network of gliadin threads. 

These two proteins were thought at one time to have a common origin 
or to be derived from one another when flour is wetted. Osborne, who has 
studied the products of their complete hydrolysis, finds that gliadin differs 
sharply from glutenin in yielding. no glycine and no lysine; it also gives 
nearly twice as much proline as glutenin. 

Both gliadin and glutenin, which yield 37 and 23 per cent. of glutamic 
acid respectively, differ greatly from leucosin, which gives only 6 per 
cent, of this acid. They both give rise to considerable quantities of 
ammonia, whereas leucosin yields but little ammonia. 

The substances mentioned as decomposition products of gliadin and 
glutenin all belong to the ‘ amino acids’ which modern research has shown 
to make up the greater portion of the protein molecule. 

T. B. Wood has carried out experiments which indicate that gliadin 
derived either from strong or weak wheats is the same in each case. 
Osborne’s very careful researches all show that the proteins of wheat are of 
constant composition independent of their origin. 

To sum up: whereas, broadly speaking, strength must be associated with 
the total quantity of gluten or nitrogen in a flour, yet it is the physical 
properties of gluten, rather than the amount, which determine the behaviour 
of the flour in bread-making. 


Sugar. 


The distention of the loaf is due to the gas formed during panary 
fermentation from sugar. The amount of sugar actually present in flour 
would not suffice to give the necessary volume of gas but it is supplemented 
by sugar produced from the starch of the flour. The formation of sugar 
is effected by the agency of a diastatic enzyme; it begins directly the flour 
is wetted and continues throughout fermentation until the loaf is baked. 
In general, therefore, the presence of more or less sugar in a flour is 
unimportant and the percentage shows no relationship with the volume 
of the loaf. 


Diastatic Enzyme. 


Obviously, there must not only be a plentiful supply of gas available 
to distend the loaf but also to maintain it fully distended until it is fixed 
in the oven. Flours which have relatively little diastatic enzyme will 
produce insufficient gas. A deficiency of diastase has been actually proved 
to occur in many flours tested, or at all events better loaves have been 
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obtained in such cases when malt extract or its equivalent has been added 
to the flour; generally flours contain an excess of diastatic enzyme. Gas 
escapes from the dough throughout the process of making a loaf; the 
amount escaping is apparently largest from those flours which contain 
gluten of lowest quality. The power of the dough to retain gas may be 
regarded as one of the separate factors involved in the conception of 
strength, 

Wood has made comparative determinations of the amount of gas avail- 
able for the distention of the dough by incubating flour with yeast and water 
and measuring the gas evolved, special attention being paid to the last 
stages of fermentation, since it is this gas which inflates the loaf at the 
moment it enters the oven. The attempt was made to correlate this factor 
with strength but this view has not been adopted, as it is not in agreement 
with practice. A further objection to these experiments is that they were 
made under conditions very different from those which prevail in actual 
bakehouse practice. 

Another suggestion has been to correlate strength with the diastatic 
power of flour. This is impossible, firstly, because normal flours have more 
than enough diastase to produce the necessary sugar, and secondly, because 
the diastatic power of flour varies materially on keeping the flour sometimes 
increasing, at other times falling. The change in the diastatic power 
affords an explanation of the behaviour of some abnormal flours the baking 
strength of which very materially increased on keeping. Further, the 
diastatic power of flour increases considerably when sodium chloride or other 
salts are added to the dough. 


Starch. 


Hardly any attention has so far been paid to the properties of the 
starch of flour from the point of view of strength. Presumably, however, 
if the starch in one flour is more resistant to attack by diastase than that 
in another flour, sugar will not be formed so easily in the former and gas 
will not be generated so rapidly during fermentation. 

Microscopic examination shows flour to consist of starch granules of three 
different sizes. The smallest granules which preponderate in amount are 
from 3 to 5 » in diameter, the largest granules are about 30 to 35 » and 
there are also granules of intermediate size. The microscopic examination 
of a large number of flours of different origin has shown that the large 
granules vary in number from 6 to 14 per cent. of the total number of 
granules. In other words, in one flour as much as 30 to 40 per cent. of 
the total weight of starch is in the form of large grains, whilst in another 
only 7 to 10 per cent. is in this condition. 

Before a starch grain can be converted into sugar the cellular envelope 
has first to be destroyed. Obviously, when the envelope of the large granule 
is destroyed a much larger proportion of starch is rendered available than 
when the contents of a small granule are liberated. 

Whymper has recently made a microscopic study of the changes occur- 
ring during the germination of wheat. He finds that the larger and more 
mature granules are the most readily attacked by the enzymes of the 
plantlet. Though there is no general relation between the size of starch 
granules of different origin and the ease with which they are attacked by 
diastase and other agents, it appears that the larger granules of any 
particular starch are affected sooner than the smaller granules. 

The destruction of the cellular envelope of the granule is undoubtedly 
effected by an enzyme (cytase) about which very little is known, Julian 
Baker has suggested that poor flours lack a sufficient quantity of cytase, 
and in confirmation of this view showed that the addition of powdered 
malt, which contains such an enzyme, improves the size of the loaves 
obtained from such flours. 
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Mineral Matter. 


The amount of ash in a flour seldom amounts to 05 per cent., more 
than one-half consisting of phosphates. There is undoubtedly some relation- 
ship between the mineral constituents and the gas-retaining power of gluten, 
though no complete analyses have as yet been published directly connecting 
strength with the composition of the ash. Wood, however, states that the 
soluble ash of Fife flour (milled from a strong English-grown wheat) shows 
a relatively high proportion of phosphate and magnesia and a low propor- 
tion of chloride, sulphate and lime; whereas the ash of a weak flour con- 
tained small proportions of phosphate and magnesia but much mote 
chloride, sulphate and lime. The influence of small quantities of acids and 
salts on gluten is dealt with more fully by Mr. Hardy in the following 
paper. 

Fat. 


The amount of fat in flour varies from 1 to 1} per cent., the higher 
value being a feature of flours from the Canadian North-West. The oil 
is present to the extent of about 15 per cent. of the wheat germ. It easily 
turns rancid and is characterised by a high iodine number (115). 


Moisture. 


The amount of moisture in commercial sacked flour depends largely on 
the atmospheric conditions at the time of milling and therefore on the 
climate of the country where it was milled. 


Enzymes. 

The diastase and cytase of flour have already been discussed. The 
proteoclasts have hardly been investigated. Attention was first drawn to 
them by Ford, who showed that some flours contain an active proteoclast 
which is very detrimental to the gas-retaining power of gluten. An erepsin 


has been identified in flour by Julian Baker. The enzymes in the yeast 
employed are however of the greatest importance to the practical baker. 
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9. An Analysis of the Factors contribuling to Strength in Wheaten 
Flour. By W. B. Harpy, F.B.S. 


Reduced to the simplest terms the physical properties of dough depend 
upon the protein complex gluten, starch grains and water. The greater 
the water-absorbing power of the glaten, that is the greater its water 
content, the less will be its tenacity and, within limit, the greater its 
ductility. 

Colloid bodies such as moist gluten have a sponge structure, and when 
solid particles are present the bars of the sponge-work may be seen under 
the microscope to spring from them. Thus solid particles may enter intimately 
into the framework, and by their size and number modify the thickness 
and length of the bars and the size of the interspaces. Rubber loaded 
with solid particles has elastic properties widely different from those of 
rubber free from particles, and moist gluten loaded with starch grains differs 
from gluten washed approximately free from them. It is less like elastic, 
more like putty, in its mechanical properties—the solid grains of starch 
act as though they enormously increased the internal friction. 

There has, so far as I know, been no exact work upon the influence of 
the size and number of the starch grains upon the mechanical properties 
of dough; in the absence of such information it is idle to pursue the point 
further. This may however be said; judging by what is known of the 
influence of embedded small particles in other cases the power of the 
dough to retain its shape may be due in some cases primarily to the nature 
and number of the starch grains. Whatever the influence of the starch 
grains may be, they operate as passive agents; the active mechanical pro- 
perties of dough, its tenacity and ductility, are due to the protein complex 
gluten. This is the labile elastic cement of the structure. 

Now gluten, even though it be prepared from the best Fife flour, has of 
itself neither ductility nor tenacity. In presence of ordinary distilled water 
it partly dissolves, the residue—the larger portion—forming a semi-fluid 
sediment destitute of tenacity. Why? Because tenacity and ductility are 
properties impressed on gluten by something else—namely by salts, by 
electrolytes, that is, which may be organic and may therefore he 
unrepresented in an ash analysis. 
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This being the case it is obvious that any attempt to correlate strength 
with the physical properties of gluten washed out in the ordinary way 
must end in failure, since the properties of washed gluten depend upon 
the electrolytes which happen to be left in after the washing is concluded. 

Electrolytes—that is to say salts, acids and alkalis—intervene in two 
absolutely distinct ways. They control the physical properties of the gluten 
in the dough, and they must also profoundly modify the temperature rela- 
tions and the rapidity of the change undergone by the gluten and other 
constituents of the dough in the process of baking—a change which, so far 
as the proteins are concerned, is, broadly speaking, a lowering of solubility. 
We know something of the way in which they act on gluten in the dough, 
but of the more complicated action during temperature changes we know 
nothing ; it is possible that the same electrolyte may increase the mechanical 
stability of the loaf in the dough and yet diminish it in the oven. 

Let us turn to the action of electrolytes upon moist gluten, that is, upon 
gluten as it exists in dough. 

Gluten prepared from wheat by washing the flour in many changes of 
water is a stringy ductile body capable of retaining bubbles of gas. When 
it is placed in dilute acid or alkali this property vanishes. As little as 
1 part of sulphuric or hydrochloric acid in 20,000, or 1 in 5,000 of acetic 
or lactic acid, will disperse the gluten in fine particles. There is not only 
the loss of actual cohesion; the gluten particles are so changed that they 
actually repel one another and a non-settling milky suspension is produced. 
In order to restore cohesion it is merely necessary either to neutralise the 
acid or to add any salt such as common table salt. 

Any salt confers cohesion upon gluten; any acid or alkali when suffi- 
ciently dilute lessens or destroys it. Gluten itself seems to be purely 
passive. 

The removal of salts by washing gluten with distilled water will lower 
the forces which make for cohesion, so that less and less acid is needed to 
neutralise them; a point may be reached where apparently any concentra- 
tion of acid, no matter how low, is sufficient. When gluten is thoroughly 
extracted with distilled water it loses cohesion and disperses as a cloud, 
not owing to the action of the water but because of the faint acidity due to 
the carbonic acid dissolved from the air. This can be proved in many ways, 
most directly perhaps by the fact that careful neutralisation of the carbonic 
acid will restore cohesion. A brief but more detailed consideration of the 
action of acids, alkalis and salts is needed to make these points clear. 

Action of Acids and Alkalis.—Acids and alkalis produce the same 
physical effects, but the latter also induce hydrolytic decomposition of the 
gluten. The effect of acids is therefore more easily followed, and for 
simplicity I propose to confine my remarks to them. 

Gluten prepared in the ordinary way and immersed in distilled water 
retains its cohesion unless measures be taken to wash out the salt which it 
contains. In N/1000 of any strong acid cohesion breaks down and the 
change is more rapid as the concentration of acid is increased up to about 
N/30. Further increase in concentration slows the rate of disintegration, 
until at N/12 for hydrochloric acid, N/25 for sulphuric acid and 1°75 N for 
phosphoric acid the gluten again becomes permanently coherent and more 
tenacious and less ductile than in its original state. Weak acids, such as 
oxalic, acetic, lactic, citric and tartaric acids, produce disintegration in 
dilute solution but fail to maintain cohesion even at very high concentration. 

When salt is added to gluten which has lost cohesion owing to the action 
of acid this property is restored, but the concentration of salt needed to 
undo or prevent the action of the acid varies with the concentration of the 
acid in a remarkable and characteristic manner. The relations can be best 
explained by reference to the curve. The ordinates are concentration of 


1909. 3E 


786 DISCUSSION ON WHEAT : 


sodium chloride, the abscissee concentration of sulphuric acid, in both cases 
expressed in gram equivalents per 1,000 litres. The curve gives the con- 
centration of salt and acid needed just to preserve cohesion. It will be seen 
that as the concentration of acid is increasing, the concentration of salt 
needed to maintain cohesion rises to a maximum and thence falls until a 
point is reached where the acid alone is sufficient. The curve encloses an 
area of no cohesion, while outside it is a region in which acid and salt 
maintain cohesion. 

Neither of these areas represents uniform states; as is characteristic of 
colloidal matter, they are areas of continuous changes. The curve which 
limits them is merely an arbitrary line which marks the place at which 
cohesion is so far reduced that it no longer suffices to maintain shape against 
the extraneous force of gravity. Any line, starting within the area of no 
cohesion and passing through it to the area of cohesion, traverses a system 
which is continuously changing—namely, a colloidal solution containing 
exceedingly fine particles of gluten which become continuously coarser until 
finally, at or near the intersection of the curve, they run together into 
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a coherent mass of gluten. Beyond the curve the line, if it be inclined 
upwards, follows a system in which still further separation of water and 
gluten is taking place, the two becoming less and less miscible—the water- 
holding power of the protein less and less, its tenacity growing, its ductility 
diminishing. 

Electrolytes therefore do more than confer on gluten its mechanical 
properties; they determine also its power of holding water. They also 
determine the water-holding power of any other colloid matter present in 
the dough. 

Acids and alkalis destroy cohesion and disperse the particles of gluten 
just as they produce and stabilise non-settling suspensions in many types of 
colloidal solution—namely, by the development of a difference of electric 
potential between the particles and the water. The curve which connects 
the potential difference with the concentration of acid has the same form as 
the curve given in fig. 1. 

The foregoing analysis of the factors which control the physical proper- 
ties of gluten in moist dough lead us to a brief analysis of the source of 
‘strength’ in flour. It must be borne in mind that loaf-making includes 
two distinct operations, the making and incubation of the dough and the fixa- 
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tion of the incubated dough by heat. Every factor which contributes to the 
rising of the dough—that is, to the size of the loaf—and to the power of the 
dough to preserve its shape (saving only the vital activities of the yeast plants) 
intervenes also in the fixation of the dough, where it may undo what it has 
already done. Successful incubation depends upon: (1) The suitability of the 
dough for the active growth and production of carbonic acid by the yeast 
plant, which again depends upon the concentration of sugar, the intrinsic 
diastatic power of the dough and the concentration and nature of the electro- 
lytes. (2) The physical character of the dough, which depends upon the size, 
shape and number of starch grains, the nature and concentration of the elec- 
trolytes, since these determine the physical properties of colloids present, 
notably the gluten. The electrolytes will also direct those molecular re- 
arrangements which occur during the baking process, and which give fixity 
and stability to the entire structure. 


10. Chemical Work on Canadian Wheat and Flour. By Frank T, 
Suutt, M.A., F.I.C., Chemist, Dominion Experimental Farms. 


A quarter of a century ago those who were taking cognisance of 
Canadian development and progress had begun to realise that Canada was 
destined to become one of the largest wheat-producing countries in the 
world. The North-West had been, so to speak, discovered, and, at least 
in parts, its suitability for the production of wheat of the very finest 
quality established. Since that time the area sown to wheat in the North- 
Western Provinces has annually increased, of late years at a phenomenal 
rate. Last season (1908) the western plains yielded in round numbers 
106,000,000 bushels from, approximately, 6,000,000 acres; in 1902, only 
six years ago, the acreage in wheat was less than half that sown last season, 
with a yield of 67,000,000 bushels. The estimate for the present year (1909) 
for the three western provinces, Manitoba, Saskatchewan, and Alberta, is 
7,000,000 acres in wheat—a million acres increase a year. And that the 
possibilities for the further expansion are by no means exhausted will be 
evident from the fact that as yet but five per cent. or thereabouts of the 
tillable land is under crop. ; 

It was the thought, therefore, that wheat was destined to become, in 
Canada, a staple crop of the largest magnitude that determined us, almost 
immediately on the establishment of the experimental farm system, some 
twenty-two years ago, to devote special attention in the field and laboratory 
to the solution of problems in connection with this cereal. In this Paper 
it will only be possible to mention some of the more important investigations 
undertaken by the Chemical Division, presenting very briefly the data 
obtained and the conclusions reached. More detailed consideration of these 
various questions will naturally be found in the annual reports and 
bulletins issued from the Chemical Division of the Experimental Farms, 
and to which numerous references will necessarily be made. 


Red Fife and Imported Wheats. 


One of the earlier investigations had for its object the introduction of 
a wheat equal in quality to the well-known and highly esteemed North- 
Western Red Fife, which might ripen earlier and thus escape injury to 
which that variety is occasionally exposed from autumnal frosts. To this 
end, in 1887, a number of wheats were imported from India, Northern 
Russia and other European countries, prominent among which were the 
varieties Ladoga, Saxonka, Kubanka, and Onega. These, as well as 
varieties obtained from the North-Western States—Wellman’s Fife and 
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Bluestem—were submitted at the outset to chemical and physical examina- 
tion to determine their relative values as compared with Red Fife, and to 
ascertain, after growth in various parts of Canada, the effect of environ- 
ment, soil, climate, &c., upon their composition.! 

Among the more prominent deductions made from this work were the 
following :— 

1, That the percentage of protein of the Canadian-grown Russian 
wheats was very similar in amount to that of Red Fife. The averages 
were as follows: Ladoga, 1431 per cent.; Saxonka, 13°91 per cent. ; 
Kubanka, 13°77 per cent.; and Red Fife, 14°00 per cent. 

2. That the Manitoba-grown Red Fife was fully equal, and indeed 
somewhat superior in protein, to the best-grown varieties of Minnesota. 
The samples examined furnished the following averages: Wellman’s Fife, 
13°68 per cent. ; Bluestem, 11°75 per cent.; Red Fife, 14:00 per cent. 

3. That growth in the Canadian North-West had, in the majority of 
instances, markedly increased the gluten content. Thus, imported Ladoga 
contained 12°75 per cent. protein, while the average cf eight samples of 
grain grown in the North-West from this seed was 14°57 per cent., a 
significant illustration of the influence of environment on the composition 
of wheat. 

In 1893, when Ladoga had been successfully grown for several years in 
certain districts of the North-West, a further and more exhaustive study 
of its flour was made, supplemented by baking trials on a large scale.’ 
We found that, compared with Red Fife, Ladoga yielded a gluten of 
inferior quality; it was less elastic, more sticky, and yellower. Though 
occasionally, with special manipulation, a well-risen and fairly white bread 
was obtained, in the larger number of trials, and when the baking methods 
were not specially modified, the bread was somewhat flat, heavy, and 
yellowish. Our experiments indicated further that, weight for weight, 
Ladoga flour yielded a larger weight of bread than that of Red Fife. 


Composition of Canadian and Foreign Wheats. 


As a professional juror at the World’s Columbian Exposition, held in 
Chicago, 1893, the writer co-operated in the analysis of the cereals sub- 
mitted for award. In this series there were 166 samples of wheat, forty-nine 
of which were from Canada. The analytical data, which have been 
published in extenso,’ furnished evidence of the high nutritive qualities 
of Canadian cereals in general, demonstrating more particularly the 
superiority of Red Fife and White Fife wheats as grown in Manitoba and 
the North-West. 


Cross-breds from Red Fife and Ladoga. 


Following up this line of investigation, we undertook, in 1899, a com- 
parative study of Red Fife, Preston, Stanley, and Percy wheats as grown 
in Manitoba, the three latter varieties being cross-breds originated at the 
Central Experimental Farm from Red Fife and Ladoga.* 

The most noticeable feature was the great similarity in composition 
of the four members of the series. Judged by chemical standards accepted 
at that time, all were exceptionally good, comparing most favourably as 
regards protein content with average market samples of the best wheats 
of the world. Of the cross-breds, Preston only falls behind in protein, 
while both Perey and Stanley showed slightly higher percentages than 


1 Bulletin No. 4. Ladoga, Red Fife, and other varieties of Wheat. March 
889 


? Bulletin No. 18. Ladoga Wheat. February 1893. 

° Report of the Chemist, Central Experimental Farm, 1895. Bulletin No. 45, 
Division of Chemistry, U.S. Department of Agriculture, Washington, D.C. 

4 Report of the Chemist, Central Experimental Farm, 1900. 
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Red Fife. The figures were as follows: Red Fife, 12°84 per cent. ; Preston, 
11°86 per cent. ; Stanley, 13°16 per cent. ; Percy, 13°67 per cent. 


The Grades of Wheat. 


The installation in 1904 by the Cerealist of an experimental roller mill 
and baking oven permitted us from that date on to enlarge the scope of 
our work with wheats, making it possible to submit to examination the 
flours from thé’ wheats under inquiry, and to attempt correlation of the 
chemical and physical data with the results of actual baking trials. 

It was thought that some light might be thrown on the question of 
what constitutes quality in wheat by a closer chemical study of the various 
commercial grades and the flours that might be obtained from them. The 
product of the western wheat fields is annually inspected and graded by 
a Government official, and it was considered of interest to ascertain how 
far the composition of the wheats, as revealed-by chemistry, might agree 
with the official grading. With these objects in view, samples representing 
the grades from the crops of 1904 and 1907 (Manitoba Inspection Division), 
with their respective flours, were submitted to analysis. 

As might be expected from the fact that at least 90 per cent. of the 
wheat of these grades is Red Vife, the differences in composition are rather 
those of degree than of kind. It would appear, therefore, as regards the 
western wheat, that it is the relative yield of first-class flour (as deter- 
mined largely by colour) that furnishes the chief basis in the grading rather 
than any essential differences in the relative strengths of the wheats, though 
the percentage of piebald or starchy kernels is also taken into account. 
The ‘straight’ flours from all the higher grades were found to be charac- 
terised by a high protein content and an excellent baking value; there 
seems little doubt but that when examining flours from the same variety 
the protein content may be taken as a sure index of strength. In flours 
from normally ripened grain there evidently exists a distinct relationship 
between protein, gliadin, and dry gluten (as determined mechanically) ; 
immaturity—as resulting from the effect of early frosts, &c.—disturbs this 
relationship, the less fully ripened containing the smaller proportion of 
gliadin. 

These are sume of the more important deductions made from the work 
on these wheats and flours; the detailed results have appeared in bulletin 
form.* 


The Relationship between Composition and Bread-making Value. 


During 1906 and 1907 two series of flours from wheats specially selected 
as representative of spring, winter, and durum varieties (including many 
cross-breds originated at the Central Experimental Farm) were examined 
with a view of determining, as far as might be possible, the relationship, 
if any, between composition and bread-making value, and further, if the 
contentions of Professor T. B. Wood, of the University of Cambridge, 
recently put forward regarding the factors that determine strength in 
flours, would receive support.” In this work, as in former investigations 
in which flours were examined, we had the co-operation of the Cerealist, 
who conducted all the milling and baking tests. The conclusions arrived 
at may be briefly given as follows :— 


‘The Grades of Wheat, 1904, Bulletin No. 50, Expl. Farm Series. The 
Grades of Wheat, 1907, Bulletin No. 60, Expl. Farm Series. 
2 Journal of Agricultural Science, vol. ii. part i. 
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1. That while, as already noted, the percentages of gliadin and dry 
gluten increase and decrease with that of the protein, the ratio between 
these determinations is neither constant nor definite.’ 

2. That there is a well-marked relationship between the ‘baking 
strength’* of a flour and its percentages of protein, gliadin, and dry 
gluten. The data from both series of flours clearly indicate this relation- 
ship, though it was not always possible to establish a definite ratio between 
the chemical and baking results.* 

3. That, while the protein content is undoubtedly the best single measure 
of strength when judging normally ripened wheats of the same variety, the 
character of the gluten must be especially taken into consideration when 
discriminating between wheats of different varieties. In flours of high 
bread-making values the gluten is resilient, elastic, firm and cohesive; in 
poor flours it may be flabby, non-resilient, soft, or sticky. 

4. That the view held by many chemists that the gliadin ratio or 
‘number’ is of importance as an index of strength received no confirmation 
from the analysis of Canadian flours. The generally accepted statement 
that from 55 to 65 per cent. of the protein should exist in the form of 
gliadin is undoubtedly incorrect; the larger number of the strongest flours 
examined possessed a gliadin number below fifty. The gliadin number, 
though holding with the other nitrogenous data in parts of the series, is 
on the whole erratic, and apparently of very little value for diagnostic 
purposes. The percentage of gliadin is, according to our evidence, decidedly 
more valuable.* 

5. That we failed to obtain any evidence confirmatory of the view held 
by Mr. Wood: that the amount of nitrogen and ash free extract controlled 
the volume of loaf. If the size of the loaf is determined by the volume 
of gas evolved in the bread-making process, then this volume is dependent 
on the enzymic action (which may affect the protein as well as the carbo- 
hydrates) rather than on the amount of sugar present in the flour.” We 
have not observed any relationship between the percentages of sugar, as 
actually determined, and the volume of loaf. 

6. That, while certain of our data seemed to indicate an agreement 
between the ratio to total nitrogen of soluble salts and shape of loaf—as 
held by Professor Wood-—-they did not permit of any direct correlation.® 


The Effect of Dampness on the Quality of Wheat. 


It sometimes happens in the wheat fields of North-Western Canada 
that, owing to inclement weather following the cutting of the grain, wheat 
becomes damp while in the stook, and may remain so for some weeks before 
it is threshed. As such wheat is accounted of a lower commercial grade 
by reason of the duller and paler appearance of the grain, because also of 
the common impression that the moisture in the grain has injuriously 
affected the gluten and thus impaired the resultant flour for bread-making 


* Quality in Wheat, Bulletin No. 57, Exp. Farm Series, pp. 44, 49. Report 
of the Chemist, Exp. Farms, 1908-09, p. 146. 

2In determining the ‘baking strength’ of a flour, values have been assigned 
to water added, water retained, volume, shape and texture of loaf and form 
of crust (Bulletin No. 57, Exp. Farm Series, p. 18). 

* Bulletin No. 57, pp. 41, 45, 50. Report of the Chemist, Exp. Farm Series, 
1998-09, p. 146. 

* Quality in Wheat, Bulletin No. 57, pp. 41, 42. Report of the Chemist, 
Exp. Farms, 1908-09, p. 146. 

® Quality in Wheat, Bulletin No. 57, pp. 43, 47, 48. 

*The Grades of Wheat, Bulletin 60, p. 19. Report of the Chemist, Exp. 
Farms, 1908-09, p. 147. 
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purposes, it became a question of considerable importance to ascertain, by 
chemical and baking tests, how far this contention might be correct. Wheat 
that has been damp through exposure and subsequently dried is known 
commercially as ‘tough.’ Three samples of such wheat from the crop of 
1907, which had been dried at the elevator, were submitted to analysis. 
All were found practically normal as regards moisture, and gave glutens 
of excellent quality. We concluded from a general survey of the analytical 
results that these wheats, from which about 5 per cent. moisture had been 
driven off at the elevators, had not appreciably suffered in quality.’ 

Further prosecution of this inquiry was made possible through the 
co-operation of Dr. Charles E. Saunders, the Cerealist, who had instituted 
a series of experiments to learn what deterioration might take place in 
bread-making value when wheat was kept more or less damp for a longer 
or shorter period before being milled. The wheat under experiment 
remained moist at temperatures ranging from 40° F. to 58° F. for a period 
of twenty-seven days, samples being taken for analysis at various intervals 
(five minutes, ten, twenty, and twenty-seven days), spread in thin layers 
to dry and then milled. In the sample that had been kept twenty days 
mustiness was noticed, and in that which had been damp for twenty-seven 
days the mustiness was more pronounced, and sprouting had commenced. 
The analysis of the resulting flours was of the most comprehensive 
character. A detailed study of the results indicates that wheat may contain 
an excessive amount of moisture for some considerable time without its 
composition being very materially affected. It was evident, however, that 
there had been a slight falling off in the percentage of dry gluten and a 
deterioration in quality in those wheats in which the mustiness was marked 
and sprouting had begun.” 


Influence of Storage on Wheat and Flour. 


It is generally conceded that flour improves as to colour and strength 
with age. To discover such changes in composition as might explain this 
improvement, a considerable amount of chemical work has been done on 
a series of wheats and flours stored under ordinary conditions by the 
Cerealist for the purpose of determining the influence of age on bread- 
making value. The storage period was sixteen months, three of the series 
being kept both as grain and flour, and four as grain only. 

The Cerealist found that ‘ when the material is kept over in the form of 
flour there is a more rapid improvement in colour and in strength than 
when it is kept as wheat. In every instance there was a gain in water- 
absorbing power, and as a rule this gain was considerable. There was 
also invariably an improvement in the shape of the loaf.’ The chemical 
data indicated a slight increase in the protein content, this increase being 
more marked in samples which had been kept over as flour, The probable 
explanation of these phenomena is that the carbo-hydrates are being con- 
tinually oxidised, the rate of oxidation being determined by the area of 
surface exposed. 

A slight improvement in the physical characters of the gluten from the 
stored wheats and flours was remarked, the improvement being more notice- 
able in the weaker members of the series. 

A tendency towards an increase in gliadin was observed, showing a 
certain amount of parallelism between protein content and gliadin.* 


1 Report of the Chemist, Exp. Farms, 1908-09, pp. 148, 149. 
2 Tbid., pp. 145, 146. 
> Tbid., pp. 149, 150. 
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The Influence of Environment on the Composition of Wheat. 


While it has been held that the composition of the crop is determined 
largely by that of the parent seed—in other words that heredity is a potent, 
possibly in some cases the dominant, factor in influencing the character 
of the seed—it seems nevertheless true also that environment has a most 
marked effect on the grain. The term environment here is naturally used 
in its widest sense, and would include the influences exerted by climatic 
conditions, nature and culture of soil, &c. 

It has been a matter of common observation that wheat grown on 
newly cleared scrub-land in certain districts of the North-West is more 
or less ‘soft’ or starchy in character. The seed sown may be No, 1 Hard 
or No. 1 Northern—hard, semi-transiucent, and glutinous—and the 
product on such soils will, as a rule, contain a proportion of kernels with 
whitish, opaque spots—piebald wheat—indicating clearly a deterioration 
in quality from a commercial point of view. With cultivation of the soil 
this tendency to produce soft, starchy wheat apparently disappears, the 
character of the wheat generally improving, so that after a number of years 
the quality of the wheat grown may be greatly superior, as measured by 
protein content, to that which is at first produced. Though the change 
is usually gradual and in the same direction, it has been noticed that the 
quality of the wheat on such land is markedly influenced by the character 
of the season, so that while in some years there may be but little difference 
between the crops from the older and the newer land (seed of the same 
description being sown on both), in other years the difference may be so 
great that their common parentage is not at all apparent. 

This change from a hard, semi-translucent kernel to one that is soft or 
piebald is a change, as already indicated, not only in external and physical 
characters but in chemical composition; it is a falling off in commercial 
value marked by a decrease in the protein (gluten) content. Its extent 
can therefore be accurately traced by chemical means. 

The Dauphin district (North-Eastern Manitoba) is one of those in which 
there is a considerable area of this scrub-land—-i.e. land covered with 
small trees, shrubs, &c., and generally characterised by a high percentage 
of vegetable matter. As a rule, the district is favoured with an abundance 
of rainfall. Its wheat has been very largely piebald in character, though 
settlers claim it is improving in quality with the working of the soil. In 
1905 we obtained from Valley River, in this district, three samples of wheat 
and submitted them to analysis :— 


A. Wheat used as seed < . A : - 11:11 per cent. protein 
B. Wheat grown as first crop after ‘breaking’ . 9:93 
C. Wheat grown on soil cultivated 9 years . - 12°62 


” ” 


First, we have in these results an illustration of the extent to which 
environment may affect the composition of wheat in one season. Secondly, 
it is to be noticed that the wheat from the newly cleared land (B) is 
decidedly less glutinous (softer, starchier) than the grain from the older 
soil (C). The wheats differed considerably in appearance. The seed wheat 
was a fairly good sample, grading No. 1 Northern; the product from this 
on the new land was decidedly soft, with many opaque starchy kernels; 
that from the older soil was somewhat superior to the parent seed. 

To ascertain, if possible, the factors that determined this modification, 
the softer grain (B) was sown the following season on areas of newly 
cleared and old land on the same farm. In addition to the analysis of 
the wheats harvested, soil-moisture determinations were made from time 
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to time throughout the growing season, and samples representative of the 
soil of the areas under experiment chemically examined :— 


Wheat used as seed (B) . ; : : . 9°93 per cent. protein 
D. Wheat grown as first crop after ‘breaking’ . 10°01 
E. Wheat grown on soil cultivated 10 years . 13°52 


” ” 


” ” 


Wheats (B) and (D) would be termed piebald or soft, and are very 
similar in appearance. Wheat (E) shows no starchy grains, the kernels 
being hard and translucent, typical of the highest grades. The difference 
in protein content between (B) and (D) is insignificant, but between these 
wheats and (E) it is very great—3‘5 per cent. 

? Naot moisture content of the soils of the two areas was found to be as 
ollows :— 


July _ Aug. 2 | Aug. 24 
— _ —_ ——__— | 

‘per cent. per cent. per cent. per cent, per cent. per cent. per cent. 

Newly cleared land. | 32°96 | 36-49 | 3345 | 30:49 | 35:23 | 30°37 | 32°84 

| Cultivated land . é | 22:45 | 23°39 | 23°39 21:70 | 21:24 13-24 | 18-28 | 


| a | May 5 / May 15 | May 29 June 22 
at ie = : ia | 


These data are highly significant. The newly cleared soil which 
produced the softer wheat was throughout the growing season more moist ; 
its percentages of water ranged from 9 to 14 higher than those of the soil 
giving the harder grain. And it is to be noted that there was no drying 
out in the newly cleared soil as the season advanced. 

The soils on analysis were found to have the following compositions : — 


es Newly clea ciate 
Bo Cultivation. 
Per cent. Per cent. 
| Moisture - ; 3 ; . : 2°98 2°06 
| Organic and volatile matter . : : aE] 20:90 12°84 
Insoluble residue (sand, clay, &c.) : aay 51°74 65:07 
Oxide of iron and alumina . : : ’ 5:50 10°52 
Lime . a : : : ‘ : a 10°25 3:47 
Magnesia. : . ‘ : : zy 2°44 | 1:63 
Potash . - : ; : ; ail 0714 0-19 
Phosphoric acid . : 4 ’ p ait 0-15 0:13 
Soluble silica : - 2 : : : 0:02 0:02 
Carbonic acid, &e. (undetermined) .— . | 5°88 | 4:07 
100-00 100-00 
Nitrogen in organic matter . . ; . 0642 0371 
Available constituents : | 
Phosphoric acid : 3 : : os 0:0067 0:0067 
Potash - 5 - : - F a8 0:0166 0:0069 


| 


jn SOR Tog: One Dhar ign er aity 1:306 0-93 


The characteristic feature of these soils is their richness in vegetable 
matter and nitrogen; it will be noticed that the percentages of these 
constituents are very considerably higher in the newly cleared soil. This 
larger proportion of humus is probably the true explanation of the higher 
moisture content of the newly cleared soil, since humus enhances the 
absorptive and retentive capacity of a soil. 

In potash and phosphoric acid these soils present no striking differences, 
though the newer soil is much the richer in lime. The data, apart from 
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the relation of humus to moisture content, throw no light upon our 
problem.’ It is interesting, however, to observe that the soil with the 
higher percentage of nitrogen produced the starchier wheat. From these 
results we were led to believe that the explanation for the difference in 
composition of the wheats is to be found in the widely different moisture 
content of the soils throughout the growing season, the larger amount of 
moisture prolonging the vegetative processes of the plant and delaying the 
maturation of its grain. This apparently allows the further deposition of 
starch, or rather of less nitrogenous matter, resulting in a more or less 
soft kernel.” 

If these conclusions are correct, then it might be conjectured that wheat 
grown under irrigation in a semi-arid district would be more or less 
glutinous according to the amount of water supplied during the develop- 
ment period. To obtain information concerning this matter, areas irrigated 
and non-irrigated were sown in 1908 on the Experimental Farm, Leth- 
bridge, Southern Alberta, with Red Fife and Kharkov wheats. This district 
is usually one of sparse precipitation, and one, consequently, where the 
methods of the so-called ‘dry’ farming must be practised in parts where 
there is no provision for irrigation. As a rule, irrigation is necessary to 
obtain the best yields. The season during the earlier months was unusually 
wet, and consequently not favourable to the experiment in hand, only one 
irrigation, July 16, being found necessary; nevertheless, as the following 
data clearly show, the irrigated soil, with its higher water content, produced 
the more starchy wheat. 


Red Fife—original seed from Brandon, Man. . 15°95 per cent. protein 
Red Fife—grown on irrigated land 5 F ne 0 ne f 
Red Fife—grown on non-irrigated land c a LGBT, * oa 
Kharkovy—grown on irrigated land ‘ é oe Bild FA ES 
Kharkov—grown on non-irrigated land . . « Ls hZ ip a 


In the case of Red Fife, the wheat grown on the non-irrigated and, 
as we shall see, drier soil contained 2°5 per cent. more protein than that 
from the irrigated area. Similarly with the Kharkov, there is a difference 
of 1 per cent. protein in favour of the non-irrigated wheat. 

The soil-moisture determinations made at intervals throughout the season 
are as follows :— 


aa —— / Trrigated | Non-irrigated 

/ / Per cent. Per cent. 
May 14, 1908 . 3 i s : ‘ 16°56 15°61 
July 15, 1908 . F 5 : ; | 8:78 | 811 

| August 17,1908 . : 5 ; 10°37 6°38 


From the beginning of the season until the middle of July, during which 
time there had been no irrigation, the soils on both plots were very similar 
in water content, the figures showing a steady decline. Subsequent to that 
date the percentage of water continued to fall off in the non-irrigated plot, 
while in the adjacent irrigated area, as might be expected, it increased. 

In these results we again have satisfactory evidence that the composition 
of wheat is markedly influenced by the amount of soil moisture present 
during the development of the kernel. 


* The analysis of the wheats from the fertiliser plots of the Experimental 
Farms confirms the view that manuring has but little influence on the composi- 


tion of the grain. 
* Report of the Chemist, Exp. Farms, 1907-08, pp. 135-9. 


om 
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To sum up, climatic conditions influence the quality of the wheat 
through the vegetative processes by shortening or lengthening the time 
which elapses between the formation of the kernel and its maturity—the 
shorter the period, the higher the protein content within certain limits. 
High temperatures, long days, and absence of excessive moisture during 
the later weeks of development, we have evidence, hasten the maturation 
of the grain and increase its percentage of gluten. These are the conditions 
that prevail in the North-Western wheat areas in those seasons which 
give the largest proportion of first-quality wheat, and we may therefore 
argue that in them we have an asset fully equal in importance towards the 


ea of the finest grain to that which we possess in our fertile prairie 
soils, 


11. A Comparison of the Baking Qualities of the Flour from some of 
the Grades of Wheat produced in the Western Provinces of Canada. 
By Professor R. Harcourt. 


The object of the investigation was to learn something about the relative 
bread-making value of leading grades of wheat now produced in Canada. 
The work included a study of three grades of spring wheat, z.e. Nos. I., I. 
and III. Northern, and of the most important grades of winter wheat 
grown in Alberta—Nos. I., II. and III. Alberta Red and Nos. I., II. and 
III. White winter wheat. The spring wheat is the most important, as it 
forms a very large proportion of the wheat exported, whilst only a com- 
paratively small amount of the Alberta Red and very little of the Alberta 
White has been exported. The chief variety among the spring wheats is 
the well-known Red Fife. The Alberta Red is in reality the Turkey Red, 
originally of Russia, brought into Alberta from the State of Kansas, where 
it is known as Kansas wheat or Kansas Red; Dawson’s Golden Chaff forms 
the greater part of the Alberta White winter wheat. 

It is a well-recognised fact that the conditions included in the term 
environment cause very marked differences in the quality of the same 
variety of wheat. Thus climate—including under this term the variations 
due to season and the condition of the soil—has a very marked influence on 
the quality of the wheat produced; consequently the milling qualities of 
the wheat and the baking properties of the flour produced from it are 
bound to vary from year to year. No attempt has been made in the work 
herein reported to study the influence of environment, the object having 
been to compare the quality of the various grades of wheat as they appear 
on the market. It is true that a miller may purchase wheat of a certain 
grade in one district that may be superior to that grown in another; but 
the great bulk of the wheat passes through the large elevators, in which 
wheat from many districts, grown under a great variety of conditions, is 
mixed together, so that the characteristics peculiar to localities are lost in 
the general mixture. 

One set of samples, Nos. I., II. and III. Northern, were received direct 
from Mr. David Horn, Chief Grain Inspector; they were taken from his 
mixed samples, but probably these were not gathered from an area wide 
enough to exclude all the influences of environment. Another set of 
Nos. I., II. and III. Northern was secured from the elevator at Goderich, 
Ontario; the samples represent these grades as they actually reach the 
miller in the older provinces or in Great Britain. The samples of Alberta 
Red and Alberta White were sent from the Grain Inspector’s office at 
Calgary, Alberta. 
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The following table gives data which in a general way indicate the 
quality of the wheat :— 


TaBLE I.—Comparative Weights of Wheat, Percentage Yield of Flour and 
Protein Content of Wheat. 


Weight of Weight per 
Grade of Wheat | 100 i oimele: NecEaied es cent. of Eee of 
Grams. | Bushel rotein us 
SPRING WHEAT. | 
| Winnipeg sample : | 
| No.I. Northern.  .| — 2:89 62°5 11-66, 57-6 
No. II. a ; : 3:02 62°25 11:33 55:8 
No: Ti 7 : : 3:10 61:0 11°36 50:0 
Cargo lots: | 
No. I. Northern. Sal 2°70 63°5 11:48 55-0 
een Oselile Pe ; ‘ 2°65 62°5 11°52 49°5 
| No. ity 3 al 2°52 61°25 12°23 48:8 
| WINTER WHEAT. 
| Alberta Red: | 
| No. I. Northern. ed 3°68 64:5 10-71 588 
No. II. a 3 Hl 3°50 64:0 10°69 53°5 
[= Now inee 2 35 3:65 63°25 10:93 50:2 
| Alberta White : 
| No. I. - : z 4:01 62°5 10:47 554 
No. II. 3 F A 3°97 61:2 10:77 54°9 
WBE WTELS! scheint 3°65 61-2 10:37 | 


As indicated by the weight of 100 kernels there is not much difference 
in the size of the kernels of the No. I. Northern received from Mr. Horn 
and that of the cargo lots; but there is considerable difference in the 
Nos. IT. and III. grades. The No. III. of the cargo lots is a smaller grain 
and contains more shrunken grain, which probably accounts for the higher 
percentage of protein. 

As the only method at present available of determining the relative 
value of a flour for bread purposes is by actual baking trials, the flours 
made from the wheats under discussion were baked in our own flour- 
testing laboratory, which is fully equipped with electric-proof and baking 
ovens so arranged that we have almost absolute control of the temperature, 
accurate balances for weighing flour and bread, apparatus for determining 
the volume of loaf of bread, expansion of glutens, &c. The work was done 
by a thoroughly competent person, who is constantly at the work and has 
developed that delicacy of feel which can only be acquired by constant 
practice. 

In the baking trials 340 grams of flour and sufficient water, salt, sugar 
and yeast were used in making each loaf of bread. The yeast is used in 
what might be considered excessive quantities. The object is to cause the 
dough to rise as high as possible and thus bring out the strength or at least 
the expansive power of the flour. 

The following table gives the weight of a loaf of bread from each of the 
different samples of wheat. The yield of bread was determined as accu- 


The mill used was made by the Allis-Chalmers Company, Milwaukee. It 
has a pair of six-inch corrugated rolls and a pair of smooth rolls of the same 
size. The flour is bolted through ordinary sized bolting cloth, but there are 
no aspirators. The machine is too small to secure absolutely accurate results. 
The wheats were milled as closely as possible without destroying the colour of 
the flour too much and the results should be comparative, although they do not 
represent exhaustive milling. 
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rately as possible; while it perhaps does not represent the yield that would 
be obtained in a large baking, the figures are comparative. The volume of 
the loaf was carefully determined by displacement of fine seed and is given 
in cubic centimeters. The comparative colour and texture of the bread and 
general appearance of the loaf are represented by figures; the No. I. samples 
of the different kinds of wheat being assigned the full 100 points and the 
others were scored in percentage of this :— 


Tasre IIl.— Weight, Size and Quantity of a Loaf of Bread from 340 grams 
of each kind of Flour. 


Per Per | | Weight Volume| Quantity of Bread 

Grade of Wheat gens. cent. a a o of enh Phy ec Nile 
| of : of Wet ABaosbed Loaf. Loaf Tex- |Appear- 

| Protein| Gluten Grams| cc. (Colour, 41.6 | ance 

SPRING WHEAT, | | | | 
| Winnipeg sample: | 

| No.I. Northern | 9:98 | 33:10 672 | 511 | 2,540 | 100°0 | 100-0 | 100:0 
| No. II. iF 10:02 | 31:20 67:5 503 | 2,520 |102°0 | 98:0 | 98-0 
lpeovo; ELE, ,, 10:08 | 30:17 68:0 496 | 2,770 |102:°0 | 96:0 | 96:0 | 
Cargo lots: | 
No. I. Northern | 10-97 | 33:83 | 67:2 | 510 | 2,630 | 100-0 | 101:0 | 101-0 
No. I. Hs 10:32 | 32:87 | 675 | 504 | 2,600 | 100-0 | 102:0 | 1000 | 
No. Ill. _,, 10°88 | 3379 | 67:5 | 510 | 2,540 |100:0 |100:0 | 990 | 
WINTER WHEAT. | 
Alberta Red : | | 
No. I, ; - 969 | 3753 | 556 , 491 | 1,990 | 100-0 | 100-0 | 100-0 | 
No. fl. : 9:54 | 32°83 55°6 481 | 1,900 95:0 | 96:0 | 100°0 
No. III. . -| 9:20 | 32:07 | 56:9 492 | 1,880 | 93:0 94:0 | 98-0 
Alberta White: | 
No. I. Z - | 831 | 27°97 | 503 472 1,480 |100:0 | 1000 | 100-0 | 
i ogg U are : 8:74 | 29:07 | 51-6 471 | 1,470 95:0 85:0 en] 
No. Ill. . . | 8:88 | 27:90 51:6 482 1,600 | 970 104-0 108-0 


As might be expected, the results show a great similarity in the quality 
of the bread obtained from the two lots of spring wheats. The samples 
representative of cargo lots are more uniform in quality than those obtained 
from the Chief Grain Inspector; this is doubtless due to the more thorough 
mixing of wheat produced from different localities and grown under varying 
conditions, thus obliterating the influences of environment. 

The flour from the Alberta Red wheats contained as much gluten as 
the spring wheat flour, No. I. sample even exceeding all others; but they 
are much lower in water absorption, yield of bread and size of loaf. The 
volume of the loaf was approximately only 75 per cent. of that of the 
spring wheats. In our work with flour we have always found that, 
generally speaking, the small loaf was a heavy one, doubtless due to the 
lesser surface for evaporation of water. No attempt was made to.compare 
the quality of the bread with that from the spring wheat, as they are quite 
different ; the texture particularly was not so good, the bread was darker, 
and the loaf had not that bold, fine appearance characteristic of the bread 
from the spring wheats. In general it was more like that obtained from the 
Durum wheats. 

The Alberta White wheat flour seemed to be very similar to that made 
from the same variety—7.e., the Dawson’s Golden Chaff, grown in Ontario; 
but it is not equal to the flour from the amber wheats or many other 
varieties produced in the older provinces. No explanation of the fact that 
the third grade of Alberta White wheat produced the largest and best loaf 
of bread is necessary, as these are not mixed samples. 
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In many cases spring wheats are ground and baked separately; but very 
frequently such grain is blended with the locally grown softer wheats of 
the country into which it is imported. These softer wheats have not suffi- 
cient gluten to produce a large well-raised loaf of bread and the texture is 
usually comparatively poor. On the other hand, the strong spring wheats 
yield a large, well-piled loaf of good texture, but the bread is inferior in 
flavour. The blending of the two wheats imparts to the bread made from 
it some of the desired properties of both, and the result is the production 
of a loaf of bread which, although not so large as that made from the 
spring wheat flour, is of good texture and flavour. To illustrate this point 
a series of blends were made with various proportions of the Manitoba 
spring wheat flour with that made from Ontario winter wheat. The bread 
from the Manitoba spring wheat flour was taken as the standard for 
colour, texture and appearance. No marks were given for flavour, as it was 
difficult to make an accurate judgment on this point. The results of the 
baking trials are given in the following table :— 


TasLE III.— Yield of Bread, Volume of Loaf, and Quality of Bread from 
the Blended Flour, 


Pex cent | Weight Size Quality of Bread 

Kind of Flour ater 

Absorbed been ie | Colour | Texture | gta 

: aes : =3/= = anal 

| Manitoba Ontario ~ | | 

Percent. Per cent. Per cent. Per cent. Per cent. 

100 _ 66 4 523 2,740 100°0 100:0 1000 
60 + 40 63:5 | 607 2,670 99:0 99-0 98°5 
50 + 450 61:8 | 495 | 2,400 98:0 98°5 96-0 
40). GO 594 | 496 | 2,390 | 970 98:0 95:0 
BO Te. 0 58°2 489 | 2,060 96-0 960 92:0 
20 + £80 56°7 490 1,900 95°0 95:0 90:0 
_ 100 48:0 477 | 1,830 94:0 94:0 87:0 


The yield of bread, volume of loaf and quality of the bread decreased 
with the increase of the proportion of the soft flour; if size of loaf is not 
in important point, it is evident that 50 or 60 per cent. of the soft flour 
tan be introduced without seriously affecting the general result. 

The Alberta Red wheat is used almost entirely for blending purposes. 
Even in Alberta it is not milled alone. As previously noted, the No. I. 
sample contains a very high percentage of gluten, much higher in propor- 
tion to the protein content than the spring wheat. But these results are 
reported after being repeatedly duplicated by an experienced person; while 
the percentage amount is undoubtedly high, they are as correct as can be 
got by the usual method of washing glutens. 

To gather some data on the value of these wheats for blending purposes 
we have mixed varying proportions of the Alberta flour with Ontario 
winter wheat flour and carried it through the regular baking trials. In 
every case the bread obtained was much superior to that got from either 
flour alone. The results were very interesting; but although we have made 
several blends, they were all made with the wheat of one crop and with 
only one sample of soft flour, and we do not feel that we have sufficient data 
to warrant the publication of the results. 
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12. The History of the Wheats. By Dr. Orro Srapr. 


When it was suggested to me that I should prepare a paper on the 
history of wheat, I hesitated, as I was aware that within the last twelve 
months or so this old and much discussed question had assumed a new aspect 
in consequence of Dr. Aaronsohn’s remarkable discoveries, which were 
claimed to have solved the problem of the origin of wheat. Having had 
no opportunity of testing the validity of those claims, I was reduced to 
the necessity of keeping my paper within the limits of a review of the 
present conditions of the problem, with such observations and suggestions 
as I might have to offer from my own investigations. There were the latest 
researches respecting the earliest civilisations, particularly in so far as 
the Indogermanic peoples are concerned—researches connected with the 
names of Hahn, Hirth, Gradmann, Gotz, and Otto Schrader. They had 
thrown much light on the first stages of agriculture, and incidentally the 
earliest history of the cereals, among which the wheats have always stood 
in the front rank. There were Buschmann’s valuable contributions to 
our knowledge of prehistoric cultivations and the delightful essays on 
‘Wheat and Tulips’ by Count Solms-Laubach, who by ingenious reasoning 
sought to transfer the origin of wheat to Central Asia and to a geological 
period more remote than had been previously suggested. There were also 
Schweinfurth’s numerous articles on the economic botany of Egypt, ancient 
and modern, contributions of fundamental value but scattered through 
many and often almost inaccessible journals, and therefore not always turned 
to full account. Much of that literature, I reasoned, must have escaped the 
professional botanist and agriculturist, and it was time that it should be 
brought to their notice. It might arouse their interest and, beyond their 
circles, the interest of all who are accustomed to trace the present in the 
past, seeing in it merely the latest link in a long chain through which runs 
the never broken stream of life. It might fall on fertile soil and stimulate 
further and better organised research in a field which is full of abiding 
interest and practical promise, but also demands great versatility from the 
student and the co-operation of various departments of learning. But if 
I had still any doubts as to the appropriateness of dealing with this 
subject they were set at rest when almost at the last moment, thanks 
to the generosity of Professor Schweinfurth and Professor Max Koernicke, 
material came into my hands which went a long way to confirm Aaronsohn’s 
discovery of the primitive or wild state of wheat. 

I have used in the title of this paper the expression ‘ the wheats’ instead 
of simply speaking of ‘wheat.’ This requires a few words of explanation. 
What we usually understand when we speak of ‘Wheat’ comprises a 
multitude of races, mostly of economic interest, which fall under one of 
the three groups of the Soft, the Hard and the so-called English 
wheats; or, to use their Latin designations, the Vulgare, the Durwm and 
the Turigidum wheats. To them might be added as less common and 
economically less important wheats those of the Compactwm and Polonicum 
group, popularly known as ‘Dwarf’ and ‘Polish’ wheats. With the 
exception of the last, all these together form, in the system devised by the 
prominent agrostologist, Eduard Hackel, the sub-species tenaa of the species 
Triticum sativum. They are characterised, as the name tenax indicates, 
by having spikes with a tough spindle which, when mature, does not 
break up into joints and grains easily falling out from their husks 
or glumes. To these wheats proper are opposed the so-called Spelt wheats. 
The spindles of these break up into joints at maturity, the grains falling 
with their husks and being more or less difficult to separate from them. 
To this group we have to refer, of cultivated wheats—the Spelt proper 
(Lriticwm Spelta), the Emmer ('riticwm dicoccwm) and the One-grained 
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wheat or Hinkorn (Triticum monococcum) ; further the two wild wheats, 
Triticum cegilopioides and Triticum dicoccoides. The macroscopic charac- 
ters mentioned are, however, correlated with anatomical differences in the 
structure of the shell or pericarp of the grain, which still more accentuate 
the separation of the wheats proper and the Spelt wheats. From this 
standpoint the Polish wheat, which generally is treated as a distinct species, 
has to go with the wheats proper. Those are the principal kinds as they 
present themselves to the practical man without consideration of their taxo- 
nomic value. At present they are rather definite and distinguishable units, 
whatever their place and relative position in the evolution of the wheats 
maybe. It need only be added that the various Spelt wheats differ more from 
each other than do the wheats proper. Those ten wheats, however, are 
not only fairly well definable, but they are also constant in the sense that 
we cannot turn Soft wheat into Hard wheat, or Spelt into EKmmer; 
nor has it been proved so far that the two wild wheats can be transformed 
into their assumed cultivated representatives, as we can, for instance, con- 
vert the wild carrot into the garden carrot. But too much stress must not 
be laid upon that, as Triticum agilopioides, the assumed primitive form 
of the EKinkorn, has not been much experimented with, whilst Triticum 
dicoccoides, the supposed Emmer, was only rediscovered quite recently— 
having been known before solely from a single herbarium specimen—and is 
approaching now only its second harvest in the experimental grounds at 
Poppelsdorf, Bonn. In valuing the affinities of those wheats and tracing 
their descent, we have therefore to rely on the varying degrees of their 
structural resemblances, the nature of the differentiating characters, the 
presence or absence of intermediate forms, other than hybrids, and on analo- 
gies. We have seen that the wheats are divided into two groups by what 
is no doubt a practical difference of the highest order: the looseness or 
tightness of the grain in the husks, combined with the toughness or brittle- 
ness of the spindle on the one hand and the thicker or thinner grain shell 
on the other. These are three characters, each by itself, as characters in 
grasses go, apparently of considerable taxonomic value; but if we consider 
their part in the economy of those plants and the constancy with which they 
occur side by side, it becomes clear that they are really very closely corre- 
lated and behave functionally like one character. Among the wild grasses 
effective dissemination is provided for by a great variety of contrivances, 
and generally regulated so that the grains are dispersed singly or nearly so 
and at the same time protected by some covering until germination sets in. 
In the two wild wheats this is secured by the breaking up of the spindles 
on maturity, releasing thereby the individual one- or two-grained spikelets, 
and by the permanent enclosure of the grains in the husks. We find the 
same conditions in the grasses which are generally admitted as the primitive 
forms of rye and barley. In cultivated rye and barley the spindles are 
tough, and in rye and certain kinds of barley, the naked barleys, the grains 
are loose in the husks and separate easily, while in the other barleys the 
grains together with their special husks (flowering glume and pale) are 
loose in the spikelets. But although they are loose they are not loose 


enough to fall out very readily or without the application of mechanical: 


pressure, such as is applied in threshing. This enormously facilitates reap- 
ing, and, where the grains are loose, their subsequent separation from the 
husks; it determines to a great extent the economic value of these cereals, 
while the same conditions would naturally be disadvantageous or even fatal 
to plants in their natural states. And what is true of the cultivated and 
the wild ryes and barleys is mutatis mutandis true of cultivated and wild 
rice and of the cultivated and wild millets. If we now apply the same 
reasoning to the wheats of the tenax group—+that is, the wheats with tough 
spindles—this character, with its correlations, loses practically all its value 


OO 
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as 4 guide [or taxonomic purposes, and we are thrown back, after eliminat- 
lig it, on what is left of structural differences or resemblances. It is true 
a great deal has been said about the sexual affinities of the wheats, and the 
long series of experiments by the Vilmorins, Beyerinck, Rimpau, and others 
have thrown a flood of light on the facilities of the wheats for hybridisation. 
Much has been made especially of the difficulty of crossing Hinkorn with 
other wheats, and its position as a distinct species has on that account been 
universally admitted. But common wheats have been successfully crossed 
with, structurally, much more remote species of Avgilops and even with rye, 
Moreover, so-called generic hybrids are becoming more and more frequently 
known, while, on the other hand, many species structurally very similar 
resist all attempts at crossing. Therefore the argument from sexual affinity 
to genetic affinity loses very much of its force; in fact, the latter and its: 
degrees will always have to be inferred in the first place from structural 
resemblances, the term ‘ structural’ including external as well as anatomical! 
characters. I will now set out briefly the genetic relations of the whéats asi 
they appear to me viewed from that basis, and I will start from the two: 
wild wheats, Triticum cgilopioides and Triticum dicoccoides. 

Triticum cgilopioides (Balansa) is a species ranging from the Balkan 
Peninsula and the Crimea to Syria and Upper Mesopotamia. Koer-. 
nicke distinguishes two races, a weaker one from the Balkan Peninsula and 
a more robust one from the Asiatic part of the area. The structural re- 
semblance of this species and the Einkorn, Z'r7ticum monococcum, 1s so com- 
plete that it is quite evident and generally admitted that the Hinkorn has: 
originated from Triticum egilopioides. It has given rise to few races, and. 
such as there are point rather to the Asiatic variety than to the Kuropean 
as the primitive form. The only obvious change it has undergone in the 
process of domestication is in the great reduction or almost complete sup- 
pression of the hairs of the spindle, which in the wild form are long, white, 
and altogether conspicuous. I may at once remark that the same applies 
more or less to most of the domesticated wheats, and it may be that this 
character also enters in the correlation-plexus, which is connected with the 
dissemination of the wild wheats and which I mentioned before. Hinkorn 
is, no doubt, one of the oldest wheats. Schliemann found its grains in 
considerable quantity in the ruins of Troy, in the so-called second town, 
which is approximately dated at 2000 B.c.; it has also been found in 
neolithic strata in Hungary and Switzerland. The ancient Greeks knew 
it as Tipy and ‘Andy Zed; but the Romans do not seem to have cultivated 
it, except in Upper Italy, and if the Spaniards received it early, as seems to 
be the case, it must have been by way of Gaul. It is still a common cereal 
with them; otherwise it is grown in France, Switzerland, Wurtemberg, 
Thuringia, and in some parts of the Balkan Peninsula. It does not seem 
to have spread eastward from its original home. 

The only other wild wheat is Z'riticum dicoccoides. So much turns on 
the discovery of this species that a short account of it is necessary. In 1855 
Theodor Kotschy collected a specimen of Triticum on Mount Hermon, in 
Syria. It evidently did not strike him as remarkable, as he does not 
mention it in his description of the flora of that mountain; nor was it 
noticed by any other botanist until in 1889 the late Professor Koernicke 
announced at a meeting of the Niederrheinische Gesellschaft at Bonn that 
he had found the primitive or wild state of his Triticum vulgare (which 
includes all the wheats, with the exception of the Hinkorn) in Kotschy’s 
plant from Mount Hermon. This he named Triticum vulgare var. 
dicoccoides. Nothing beyond a bare note stating this announcement was 
published at the time. But when, a few years ago, Professors Ascherson, 
Schweinfurth, and Warburg made arrangements with a young Palestine 
farmer and botanist, Mr. Aaronsohn, for the agricultural exploration of his 
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country, they also called his attention to Kotschy’s Z'riticum. In June 
1906 we find Aaronsohn travelling from Lake Tiberias to Mount Hermon in 
search of the wheat. On the 12th of that month he discovered the first 
cclony of it a few miles to the north-west of the site of ancient Capernaum, on 
Lake Tiberias. It was growing in scattered tufts, associated with Echinops, 
Ononis, Prosopis, &c., and nearly always with Hordewm spontaneum, the 
wild barley. Crossing the Jordan and travelling towards Mount Hermon 
he again came across it near Arny, on the southern end of the mountain, 
and then in many localities on the eastern slopes of Mount Hermon, in 
places ascending to over 2,000 m.; also on the northern slopes above 
Rascheia, where Kotschy found it fifty years previously, and from there east- 
wards to where the plateau extending towards Damascus begins. Here on 
Mount Hermon it was frequently associated with Triticum agilopioides, and 
near Rahle both species formed complete fields, with Triticum dicoccoides as 
the predominant partner. Last year Aaronsohn discovered T'riticum dicoc- 
coides in the country of Gilead, east of Jericho, growing under conditions 
similar to those in the Hermon district. One feature of Aaronsohn’s 
specimens is their want of homogeneity. This was already observed by the 
late Professor Koernicke, who, in a letter to Professor Schweinfurth written 
shortly before his death, said that the diversity of forms in Aaronsohn’s 
material of Triticum dicoccoides was quite bewildering. This will have to 
be taken into account in estimating the bearing of Aaronsohn’s specimens 
on the question of the origin of wheat, particularly when the results of the 
Poppelsdorf experimental series come to be worked out. Aaronsohn not 
only observed “'riticwm dicoccoides growing in intimate association with 
Triticum cegilopioides, but it seems (in one locality) also in the neighbour- 
hood of wheat-fields. The latter is not quite clear, but it is of the greatest 
importance to be certain about it, as the introduction of hybrids of Triticum 
dicoccoides and T'riticum durwm into the Poppelsdorf experiments might 
considerably affect their validity. 

On comparing the specimens of T’riticum dicoccoides, which I have seen 
myself, with our cultivated wheats, I was at once struck by the great 
resemblance of a glabrous form to a Hard wheat in the Kew collections from 
Urumiah in Persian Kurdistan. There was, no doubt, the differential 
correlation-plexus which separates the wheats proper from the Spelt wheats, 
and there was also the roundish cross-section of the grains of the Urumiah 
wheat against the triangular one of the grains of V'riticum dicoccoides, a 
character very likely correlated with the respective looseness and tightness 
of the grains in the husks. But apart from that and the somewhat longer 
and considerably rougher awns in the dicoccoides specimen, the resemblance, 
not so much of the whole spike but of some of the detached spikelets, 
amounted almost to identity. Even the villosity of the spindle edges was 
only slightly less pronounced in the Urumiah wheat than in the wild state. 
Unless we have here, in the glabrous dicoccoides specimen, a cross of 
Triticum dicoccoides with Lrviticwm dwrum (in which case, however, neither 
the fragility of the spindle nor the tightness of the grain in the husks nor 
the shape and anatomical structure were affected), the conclusion seems 
irresistible that this Z'riticwm dicoccoides is indeed the primitive form of 
the Hard wheats. Most of the other specimens of T'riticum dicoccoides 
which I could examine corresponded to the coarser, pubescent, dark, and 
black-awned races of Hard wheats, such as ‘africanum,’ ‘ niloticum,’ or 
‘libycum,’ although in some cases the approach was not so strikingly close. 
But if T'riticwm dicoccoides gave rise to the Hard wheats, it also gave rise 
to the Emmers, only that in the Emmers the spindle remained brittle, the 
grains tight in the husks, and the grain shell thin, while the spindle hairs 
were much reduced or all but disappeared, so that the Emmers represent an 
evolution parallel to that of the Kinkorn. The common origin of the Hard 
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wheats and Emmers from the wild wheat of Palestine also suggests the 
possibility of the evolution of Hard wheats from Emmers as the more 
primitive of the two series. Schweinfurth not only suggested this a few 
years ago, but he actually found in wheat from the tombs at Abusir in 
Egypt a few Emmer heads with partially tough spindles. More than 
that, the spindles were villous along their edges, as in some of the Hard 
wheats. Hard wheat represents no doubt one of the oldest races of wheat, 
although so far not many authenticated cases of very old finds have been 
recorded. Still it has been discovered in several Egyptian tombs, and at 
Hissarlik in a stratum overlying the ruins of Troy. Being essentially a 
warm-country wheat, it is not surprising that it has not been met with in 
the prehistoric strata of Central Europe. But probably this wheat spread 
early over the whole of North Africa, where, as also in Spain, it is repre- 
sented by very numerous races, Hard wheat is also found in Abyssinia, 
and eastwards as far as India, and, what is significant, accompanied in 
both countries by Emmer and forms intermediate between Emmer and 
Hard wheat. It may also have reached Southern Europe in remote times; 
but there seems to be no definite evidence, the earliest reliable records dating 
from the sixteenth century. 

We are better informed as to the early history of Emmer. According to 
Schweinfurth, Emmer and six-rowed barley were the common cereals of 
ancient Egypt, where the former has been found in considerable quantities 
and in an excellent state of preservation. At Abusir, for instance, Hmmer 
chaff was used along with other materials for filling up the tombshaft, 
and at Gebelén, in the tomb of Ani, Maspero found satchels made of 
grass and filled with fruits and Emmer spikes. These finds take us back to 
about 2000 B.c. Emmer is also recorded from the neolithic lake dwellings 
at Wangen and from those of Auvernier and the Petersinsel, all in Switzer- 
land, the last two being of Bronze Age. More recent but still dating back 
to the first centuries of our era is the Emmer of Aquileia. The ancient 
Romans and Greeks knew it, and there is now little doubt that it was the 
Adoreum or Far of the Romans and the Zed or "Odvpa of the Greeks, or at 
least of most of the Greek writers. In the famous Codex of Dioscorides at 
Vienna, an illustrated manuscript of Dioscorides’ Materia Medica, a wheat 
is figured to illustrete the paragraph on Xévdpos, a kind of pearl-barley 
prepared from the Ze& Sixoxkos and this wheat is apparently an Eimmer 
with a somewhat stout head. It is certainly not a Spelt p-over, Triticum 
Spelta, which is usually considered to have been Zed or ”“Odvpa of Greek 
literature. To-day the cultivation of Emmer is confined in Europe to a 
few districts in South Germany, Switzerland, Spain, Italy, and Servia. 
In Egypt we find it mentioned under the name of T'riticwm Spelta as being 
grown near Alexandria until the forties of the last century; but since then 
it seems to have disappeared from there as from other parts of the Orient. 
On the other hand, it still has, as already stated, a hold in Abyssinia with 
its old and conservative civilisation, and to a very limited extent in India, 
where it was probably introduced long ago by Mohammedan traders. The 
Hard wheats lead us naturally to the so-called English wheats, or the 
Triticum turgidum stock, and the Polish wheats. 

The English wheats, like the Hard wheats, are warm-country wheats, 
and have no doubt the same origin. Schweinfurth mentions’ Triticum 
turgidwm among the cereals of ancient Egypt, and Unger believed he 
recognised it in a spindle fragment which he found in a brick from the 
walls of the ancient town of Eileythia. Beyond this there is practically 
nothing known about its early history. It has probably originated along 
with the Hard wheats. Still less is known in this respect about the Polish 
wheats. Koernicke, in his ‘ Handbuch der Getreidekunde,’ considered it as 
@ very distinct sub-species, which he opposed to all the other wheats taken 
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together ; Hackel even treats it as a distinct species. But in a posthumous 
paper just published Koerniclge recognises the Polish wheats as mutations 
from Hard wheats, characterised by the over-development of the outer or 
involucral glumes; various North African Hard wheats certainly support 
this view very strongly. Polish wheat is first mentioned in the seventeenth 
century ; although it may not have been known to the Greeks, it is probably 
of much earlier origin than is generally assumed, as it is represented in 
Abyssinia by several marked races. Outside of Africa its cultivation is 
confined nowadays to Italy and Spain. 

We have so far accounted for the two wild wheats, the Einkorn, the 
Emmer, the Hard, the English, and Polish wheats. Their relations and 
early history may be considered as fairly established. It is different with 
the Soft and the Dwarf wheats, which have this in common and 
in contradistinction from the Hard wheats, that the outer or involucral 
glumes are keeled only in the upper part but rounded below. The Soft 
wheats are extremely numerous and show perhaps a greater range of 
variation than the others. They occur in our day wherever wheat is grown, 
although they are not always the predominant race. They are believed to 
have formed the bulk of the ‘Ivpés’ of the ancient Greeks and of the 
Triticum of the Romans. Many finds in neolithic strata all over Europe 
have been assigned to them, so that the Soft wheats would appear to be as 
old as any. But there is this double difficulty, that the descriptions of the 
ancients are too vague to guide us, while the actual finds consist exclu- 
sively of loose grains, varying very much in size and shape. Buschmann 
enumerated not fewer than twenty-two places in Europe where prehistoric 
grains assigned to Triticum vulgare—that is, the Soft wheat group—had 
been discovered; of these more than one-half (thirteen) belong to the 
neolithic age. Considering, however, the difficulty of identifying loose 
grains of these wheats, particularly if not very well preserved, we have to 
be on our guard against hasty conclusions concerning the dates and the 
extent of their cultivation in those remote times; in any case, they do not 
offer us a clue to their descent. Structurally they are, no doubt, closely 
allied to the Hard wheats, but I doubt whether they have the same origin. 
Schweinfurth remarks that all the old Egyptian grains of this class which 
he saw were remarkably small. The same can be said of most of the 
neolithic grains of Central Europe, and of the two English prehistoric 
samples in the Kew Museum, while most of these grains are at the same 
time comparatively stout. These old small-grained races are probably nearer 
to the primitive form, but if so the latter has not yet been discovered. 

With respect to the Dwarf wheats we are in a similar position. 
Although at present nowhere extensively grown, to judge from their present 
and past distribution they must have once been grown over a much larger 
area. They are said to have been found in several neolithic localities in 
Central Europe; here again the finds, with two exceptions, consisted of 
grains only. These exceptions are some ears and spikelets from the Swiss 
lake dwellings, described by Heer as Triticum vulgare antiquorum, and 
some spikelets from the same localities referred by him to Triticum com- 
pactum. The latter resemble, according to Heer, the ordinary Dwarf wheat 
of modern Switzerland so much that he did not hesitate in identifying them 
with it. The other, however, his Triticum vulgare antiquorum, is quite 
distinct. The ears, although not intact, are splendidly preserved as far as 
they go. Their grains—usually three to four in each spikelet—are very 
small and stout. Other still more rounded grains from the neolithic and 
Bronze period of Central and South Europe have been described as Triticum 
compactum var. globiforme by Buschmann. Here again we have, as in 
the Soft wheats, an indication that the primitive form must have been, 
unlike T'riticwm dicoccoides, a small- atid probably stout-grained Triticunv 
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at presetit uhknown. Both the Soft and the Dwarf wheats date back to 
equally remote times, both show a similar distribution in the past, and 
their general structural resemblance is sufficiently great to suggest a common 
origin. What it was we know not. Their primitive form will probably one 
day be traced back to a third species of wild wheat,and to an area not very 
far distant from that whence the Emmer and Hard wheats came. Here at 
any rate is ample scope for further exploration. 

The last of the wheats with which I have to deal is the Spelt proper, 
Triticum Spelta. Its origin has so far been quite obscure. It is mostly 
considered to have descended from Emmer, although the structure of its 
axis and its glumes lend little support to that theory, which probably had 
its origin in the early confusion of the popular names of the Spelt wheats. 
Spelt has so far never been found in any of the prehistoric settlements. 
Even its name Spelta was unknown until a.p. 301, when it appears for 
the first time in an edict by the Emperor Diocletian. It probably came to 
the Romans from the Germans, as Gradmann suggested in 1901. Since 
then, in a monograph, ‘ Der Dinkel (Spelt) und die Alamannen,’ he has 
produced strong evidence that Spelt was the staple grain of the Alamans, 
who brought it with them into South and West Germany from their old 
home east of the Elbe. From there it would have spread to the Alps, Italy, 
France, and Northern Spain. Gradmann’s-expression ‘east of the Elbe’ 
has evidently to be taken in a wide sense, as there is no grass in Eastern 
Germany or Western Russia from which Spelt could have descended. But 
still further east, or rather south-east, around the northern shores of tho 
Black Sea, whence the Alamans may very well have come originally, a 
species of Algilops occurs, A. cylindrica or Triticum cylindricwm, which 
comes structurally so near to the Spelt that I feel almost convinced that it 
is the primitive form of the latter. The usual slender forms of Triticum 
cylindricum are perhaps not so suggestive in this direction; but occasional 
stouter specimens approach very closely to it in the nature of the spindle, 
the texture and the cut of the outer glumes, and the curiously protruding 
inner or floral glumes. Moreover there is at Kew a specimen of Triticum 
cylindricum raised from seeds found among grain refuse in the Leith Docks, 
near Edinburgh, which might be taken for a pubescent but otherwise almost 
typical Spelt, except for the characteristic awns of the terminal spikelet. 
This theory of the descent of Spelt from Triticum cylindricwm does not 
exclude the possibility of early crossing with true wheats, as some ,of the 
peculiarities of Spelt suggest. For all we know the Leith casual may be 
a cross between T'riticum cylindricum and a pubescent true wheat, similar 
to the hybrid of Triticum Spelta and a pubescent unbearded wheat, described 
by Koernicke as Triticum NSpelta var. recens. 

To summarise briefly, we have traced the wheats to four primitive 
types: (1) the Kinkorn, to Triticum egilopioides, with its original home 
in Asia Minor and the north-eastern Balkans; (2) the Emmer and the 
Hard wheats, including the English and Polish, to Triticum dicoccoides, in 
Palestine; (3) the Soft, and probably also the Dwarf wheats, to a still 
unknown species, either in Syria or in Mesopotamia; and (4) the Spelt, 
to Triticum cylindricum, in an area extending from Bulgaria through 
Roumania to Southern Russia. From this standpoint the practical division 
into Spelt wheats and wheats proper breaks down entirely. Einkorn and 
Spelt proper, with their respective primitive forms, will have to stand as 
distinct species in any case; while it may be left an open question whether 
all the others should be treated under one or two species until we know the 
primitive form of the Soft and Dwarf wheats, and are able to gauge its 
taxonomic value as compared with Triticum dicoccoides. 

I have so far tried to remain on ground which allows us to work with 
tangible material and by way of comparing actual specimens. It will now 
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be interesting to sift the available experimental evidence and perhaps to 
start a new series of experiments on the basis of my propositions. Above 
all, however, it is desirable that the efforts to trace the distribution of the 
primitive wheats and discover new wild forms should be continued. In the 
first place, there can be now no doubt where to look for the latter. The 
statement of the Assyrian historian Berosus that wheat grew wild on the 
banks of the Kuphrates, and Olivier’s observation to the same effect made 
more than 2000 years later, cannot, after Aaronsohn’s discoveries, be treated 
any longer as negligible, especially as Olivier’s location of the place where 
ie found wild wheat associated with wild barley and ‘ Spelt’ is so precise 
that there ought to be no difficulty in visiting and examining it again. 
Another point which I would impress is the necessity of collecting without 
delay good samples of all the wheats—whole plants, as well as grains— 
which are grown in the Old World, particularly in the districts not yet 
much affected by the introduction of modern races. Many of the more 
primitive races are no doubt still in cultivation, and if not secured in 
time they will be lost for ever. The Balkan Peninsula, Asia Minor—in fact, 
the whole of the Orient—should be searched, and the same applies to 
Abyssinia, to Central Asia, and China. I have so far not mentioned the 
Chinese wheats, although wheat is grown more extensively in China, par- 
ticularly in the north and west, than is generally understood, and although 
it has been known to the Chinese for a very long time—at so early a period, 
indeed, that Count Solms-Laubach saw in this fact one of the arguments for 
his contention that the wheats were of Central Asiatic origin. Besides making 
systematic collections of the wheats grown at present, it will also be neces- 
sary to search for, preserve, and carefully study every spike, spikelet, or 
grain sample found in the course of excavations of ancient sites, and to 
catalogue, examine, and compare whatever there may exist of old pictorial 
representations of cereals. We shall then, by the concentrated efforts of the 
collector, the botanist, and the archeologist, be in a better position to recon- 
struct the process of evolution which has led from a few wild grasses to the 
vast number of cultivated races which to-day we comprise under the name 
of wheats. This is a process which claims the attention not only of the 
botanist but of all of us who, beyond our professional spheres, are accus- 
tomed to give a thought to the wider and deeper problems of the history of 
civilisation. The evolution of the cereals occupies the foremost place in the 
rise and onward march of agriculture all over the world. That of the 
wheats—with their immediate allies, the barleys and ryes—is especially 
closely associated with the white races; it is like a keystone in their making, 
it runs in their blood. With the ancients the cereals were the gifts of the 
gods. Isis gave wheat and barley to Egypt; as Demeter she took them to 
Greece, as Ceres to Latium. A wreath of wheat ears crowned her head, in 
Egypt as well as in Hellas and Rome. To go to the other end of the old 
Old World wheat area, the Chinese also received it ‘from Heaven,’ or, as 
other legends have it, from their half-mythical Emperor Shen-nung, who 
in the very dawn of Chinese history taught them to till the ground and 
‘vaise the ‘wu ku,’ the five grains. Among them, holding the second place, 
was ‘mai,’ which originally stood for wheat and barley, and later on, 
according to Bretschneider, with or without the qualifying ‘siao’ (little), 
for wheat alone. Thus as the Egyptian myths made Isis introduce wheat 
and barley simultaneously, so in China the ‘mai’ which the Emperor 
Shen-nung sowed covered both. Similarly the Zea the primitive wheat 
of ancient Greece, is etymologically equivalent to the sertic and avedic 
yava, which in another direction gave rise to ‘djau,’ the Persian name 
for barley, while the Latin far, the synonym of Zed, corresponds to the 
Gothic barizeins and Anglo-Saxon bere for barley. This is remarkable, 
and pecomes very significant in the face of Aaronsohn’s and Olivier’s 
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observations to the effect that the wild wheat and the wild barley are 
closely associated in their natural habitats. It is like an echo from the dim 
mythical past, telling us that wheat and barley are twins of one home and 
one age. Myths are like dreams, but even dreams have their kernels of 
truth. Diodorus Siculus, a Greek historian and contemporary of Cesar, 
records the following legend: ‘Osyris, whose home was at Nysa, in that 
py of fertile Arabia which is not far from Egypt, loved agriculture, and 

e found the vine in the neighbourhood of Nysa. This shrub was growing 
there wild, abundant, and hanging from the trees. Here also Isis found 
wheat and barley, growing haphazard in the country among the other plants, 
but unknown to man.’ Diodorus further says that there was at Nysa a 
column, with a hieroglyphic inscription commemorating Isis’ discovery ; the 
inscription ran: ‘I am the queen of all this country. I am the wife of 
Osiris and his sister. I am she who has first taught man to know the 
cereals. I am she who resides in the constellation of the dog. O rejoice, 
Egypt, thou my nurse.’ Where is, then, this fabulous Nysa, the home of 
wheat and barley? Pliny identifies it with Scythopolis, but Scythopolis is 
none other than Bethshean, a town west of the Jordan and not many miles 
south of the Sea of Galilee, in the trend of the same hills which, fifty miles 
further north, to this day bear the wild wheat and the wild barley ‘ growing 
haphazard in the country among the other plants.’ Where, if not here, has 
ever any myth come true? Isis’ column at Nysa has fallen, but her golden 
treasure has borne millionfold and conquered the world wherever the white 
man went; when you go through your wheat-fields and think of Isis, your 
great benefactress, you will hear out of the rustle of the ears the gentle voice 
of the dark-eyed goddess : ‘ Rejoice, rejoice.’ 


ConcLUDING REMARKS. 


Various points were dealt with in the discussion which took place after 
the speakers had summarised their communications; for the most part 
these are covered by the Papers printed above. 

Tt will be clear from these how numerous are the issues raised, how 
important and how infinitely difficult are the problems which still have to 
be solved before it can be said that we understand wheat; breed, soil, 
climatic conditions, public requirements. and economic considerations are 
all factors of primary importance which not only must be taken into 
account but often balanced against one another. 

The Rothamsted experiments afford much information as to the food 
requirements of the wheat plant, but the data may be said to be chiefly 
statistical. At present we know little or nothing of the actual composition of 
the grain ; we are unable to say to what extent it always approaches a certain 
general average. We are unable to estimate the starch in wheat with any 
degree of accuracy and we determine nitrogen in it without any reference to 
the forms in which the nitrogen is present. A great field of useful work is 
open to those who will endeavour to devise analytical methods which wil] 
make it possible to discuss the food value of cereal products in relation to 
their ultimate composition. 

The discussion to which the determination of the strength of flour has 
given rise is of great interest in many respects, but there is considerable 
difference of opinion between those who look at the subject from the practical 
side and those who are seeking to give an explanation of the mysterious 
behaviour of gluten. Great stress is laid upon the amount and quality of the 
mineral matters in flour, but in practice, in making bread, a considerable 
amount of salt is added and therefore the mineral matter in the flour 
cannot alone be counted as effective. 

The question, after all, is one of behaviour under practical conditions. 
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Dr. Hardy argues that gluten per se has no tenacity, but this is equally 
true of clay—probably the tenacity of clay is the tenacity of water: the 
individual particles are associated with water molecules and these water 

’ molecules serve to cement the particles together—in flour, as in clay, the 
individual particles differ and there are differences between flours as there 
are between clays. At present strong flours are fashionable and are pre- 
ferred, but there is no proof that they are of special value except from the 
point of view of fashion. Strong flours cannot be grown everywhere, and 
tthe question will arise whether, instead of seeking to produce strong flours 
everywhere, it will not be rather a question of so improving the baker’s art 
that he will be able to avail himself more fully than is now the case of the 
‘various qualities of flour that may be produced; it is difficult to imagine 
that the food value of different flours can be very different. 

When the time comes, in Canada and elsewhere, that the soil is less 
‘suitable for wheat cultivation, when the country is more fully developed, 
it will be necessary to introduce a more complicated system of agriculture ; 
wheat will no longer receive almost sole attention, although it should always 
remain the most important crop. The farmer should be prepared and willing 
%o take advantage of scientific knowledge in anticipation of such a change. 

In closing the meeting, the Chairman said that one effect of the discussion 
‘should be to impress on the city of Winnipeg that the problems of agriculture 
‘deserved to be taken seriously in hand. Many who had been in the city during 
‘tthe week had been impressed by the way in which the streets and roads were 
cared for. Winnipeg, he said, taxed itself to grow fine roads; the question 
he desired to raise was: Should it not tax itself to grow fine wheat? He 
thought it was the one place where a tax might be imposed on wheat in order 
to support a real University in which wheat could be studied from every 
possible point of view. He thought no better form of insurance could he 
effected and he ventured to take the opportunity of making the suggestion, 
in all seriousness to the city of Winnipeg. 
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Narrative of the Mecting of the British Association at Winnipeg, Manitoba, 
and Itinerary of the Party invited to take part in the Excursion 
through the Western Provinces after the Meeting. 


Tue Seventy-ninth Annual Meeting of the British Association for the 
Advancement of Science was held at Winnipeg, Manitoba, Canada, on the 
invitation of the city of Winnipeg, with the support of the Royal Society 
of Canada, the Historical and Scientific Society of Manitoba, and the 
Faculty of Science of the University of Manitoba. 

The work of organisation at home was entrusted to a special Committee 
of the Council, consisting of Mr. Francis Darwin (President), Professor 
_ Sir J. J. Thomson (President-Elect), Major P. A. MacMahon and Pro- 
fessor W. A. Herdman (General Secretaries), Professor J. Perry (General 
Treasurer), Professor H. A. Miers, Professor A. C. Seward, and Dr. H. T. 
Brown. At Winnipeg a Local Executive Committee was formed, of which 
the Mayor of the city acted ex officio as Chairman. Mr. J. H. Ashdown 
gecupied this position until the close of the year 1908, when Mr. W. Sanford 
Evans took office. The details of organisation were carried out under the 
direction of two of the Honorary Local Secretaries, Professors M. A. Parker 
and Swale Vincent; the other Honorary Local Secretaries (his Worship 
Mayor Evans and Mr. C. N. Bell) acted in an advisory capacity. 

The Dominion Government contributed $25,000 towards the expenses 
of the Meeting, the province of Manitoba $10,000, the city of Winnipeg 
$7,800, the provinces of Alberta, British Columbia, and Saskatchewan 
$5,000 each, and smaller grants by other public bodies made up a total 
contribution of about $60,000. A sum of $15,565 was contributed out of the 
local funds towards the travelling expenses of the Officers of the Association 
and of the Sections, distinguished Foreign Guests, Members of the General 
Committee, and Members selected by the General Officers, principally on the 
nomination of the Sectional Committees. 

The number of oversea members to whom tickets were issued for the 
Meeting was 475. 

By a special arrangement with the American Association for the 
Advancement of Science, the President, Vice-Presidents, and Officers of that 
Association were invited to attend the Meeting of the British Association 
as Honorary Members for the year, and all Fellows and Members of the 
American Association were admitted Members of the British Association 
on the same terms as Old Annual Members, 
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The following is an analysis of the tickets issued for the Meeting :— 


Old Life Members . F , A aoe agp ta 
New Life Members 3 5 > : 3 13 
Old Annual Members . : ; i epee tas) 
New Annual Members . : : ; = 162 
Associates : : : A é : - 789 
Ladies : : : : ‘ : 3 90 
Members of American Association, &c. . ‘ 137 
Foreign Representatives : : : - 7 

‘Potal) ‘ A ; ; . 1,468 


Arrangements were made with the Allan, Cunard, Canadian Pacific, and 
White Star-Dominion Steamship Companies, whereby oversea Members, on 
payment of the minimum first-class rate, single or return, were allotted 
superior accommodation on the steamers so far as possible. Arrangements 
were made with the Canadian Pacific and Grand Trunk Railway Companies 
and other companies working in conjunction therewith, whereby tickets for 
the return journey between Quebec, Montreal, or other East Coast ports and 
Winnipeg were issued by various routes at special rates, usually approxi- 
mating to ordinary single fares, with special privileges as regards stopping 
over en route. Similar privileges were granted for side trips and for travel 
westward from Winnipeg to the Pacific Coast. The special tickets were 
issued on presentation of a ‘transportation certificate,’ signed by the 
Secretary of the Eastern Canadian Passenger Association, countersigned by 
the Assistant Secretary of the British Association, and issued to Members 
with their tickets of membership. Special facilities were also arranged for 
Canadian and American Members. 

On the outward journey a number of Members availed themselves of 
facilities to visit Macdonald College, near Montreal, McGill University, 
and other institutions, and a party of geologists was enabled to visit the 
centres of mining activity at Cobalt and Sudbury. 

The Winnipeg Meeting followed the normal course of annual meetings, 
with the exception that in place of the usual lecture to artisans two popular 
lectures to the citizens were provided. These were on ‘The Chemistry of 
Flame,’ by Professor H. B. Dixon, on Monday, August 30, and ‘The 
Pressure of Light,’ by Professor J. H. Poynting, on Wednesday, Septem- 
ber 1. These lectures, as well as the President’s Address and the usual two 
Evening Discourses (on ‘The Seven Styles of Crystal Architecture,’ by 
Dr. A. E. H. Tutton, and on ‘Our Food from the Waters,’ by Professor 
W. A. Herdman), were delivered in the Walker Theatre. As this building 
has accommodation for upwards of 2,000 persons, it was found possible to 
admit a limited number of the general public to the President’s Address 
and the discourses, and to reserve a limited number of seats for Members 
on the occasion of the popular lectures. Full advantage was taken of these 
opportunities, and the theatre was well filled on every occasion. 

At the Opening Meeting the Chair was taken by Dr. G. Carey Foster, 
in the unavoidable absence of Mr. Francis Darwin, the retiring President, 
from whom a letter was read by Major MacMahon, introducing Professor 
Sir J. J. Thomson as the new President, who then delivered his Inaugural 
Address. A vote of thanks for the Address was moved by his Worship the 
Mayor of Winnipeg, Mr. W. Sanford Evans, and seconded by the Right 
Hon. Lord Strathcona, High Commissioner for Canada. The vote of thanks 
for Dr. Tutton’s discourse was moved by the Rev. George Bryce, D.D., who, 
as President of the Royal Society of Canada, took the opportunity of wel- 
coming the Association in the name of that Society. The vote was seconded 
by Professor Alexander Johnson, F.R.S.C., of McGill University. At 
Professor Herdman’s discourse the Hon. R. P. Roblin, Premier of Mani- 
toba, took the Chair, and the vote of thanks was moved and seconded 
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respectively by Professor McMurrich and Mr. J. Stanley Gardiner. At 
Professor Dixon’s lecture the Hon. A. ©. Rutherford, Premier of Alberta, 
was in the Chair. At Professor Poynting’s lecture the President took the 
Chair, and Sir J. Larmor and Dr. W. N. Shaw moved and seconded the vote 
of thanks. 

The Drill Hall, Broadway, was fitted and used as the reception-room 
and writing-room. It stands facing the University of Manitoba, in which 
were the administrative offices, the meeting-rooms of the General Com- 
mittee, Council, and Committee of Recommendations, and also those of 
Sections B, D, G, I, and K. Section A met in Wesley College; C in 
Isbister School; EK and’ F in Manitoba College; H in Carlton School; L in 
the Legislative Chamber, Parliament Building; and Sub-Section K (Agri- 
culture) in Alexandra School. 

The Concluding Meeting on Wednesday, September 1, was held in the 
Legislative Chamber. A resolution of thanks to the Dominion, the Pro- 
vince, and the City for their generous contributions towards the expenses 
of the Meeting was moved by the President, and responded to by the Hon. 
R. P. Roblin, Premier of Manitoba, and Mr. Alexander Haggart, M.P. 
A resolution of thanks to the Mayor, the Council, and the Citizens of 
Winnipeg for the reception and facilities given to the Association was 
moved by Sir William White, and responded to by his Worship the Mayor. 
A resolution expressing appreciation of the work of the Local Executive 
Committee and Officers was moved by Major P. G. Craigie, and responded 
to by Principal D. W. McDermid. A resolution of gratitude to the 
Citizens of Winnipeg for the hospitality shown to visiting Members was 
“moved by Sir Charles Watson, and responded to by Mr. D. C. Cameron, 
Chairman of the Hospitality Committee. 

The following entertainments were on the official programme: Garden 
Parties by the Commissioner of the Hudson’s Bay Company and Mrs. 
Chipman, at Lower Fort Garry, on August 26; by Principal and Mrs. 
W. J. Black, at the Agricultural College, on August 30; by the Hon. Chief 
Justice and Mrs. Howell, at their residence, Carlton Street, on August 31; 
and by Mr. and Mrs. Aikins, at their residence, Riverbend, on September 1. 
An afternoon entertainment was given by the St. Charles Country Club on 
August 27. His Honour the Lieutenant-Governor (Sir Daniel Hunter Mac- 
millan) gave an evening reception on August 27, the officers and men of 
the Royal Canadian Mounted Rifles a gymkhana on August 28, and the 
Local Executive Committee a conversazione in the Royal Alexandra Hotel 
on August 30. Among other entertainments was a garden party at Silver 
Heights, given by Lord Strathcona, in whose reception, on his arrival in 
the city, the President had taken part. A number of local clubs and other 
institutions opened their doors to Members. 

Excursions were arranged on Saturday, August 28, to the wheat-fields, 
Portage la Prairie; to the City hydro-electric plant on the Winnipeg 
River, Point du Bois; and to Winnipeg Beach, Lake Winnipeg (whole 
day); and to St. Andrew’s Locks, Red River, and to Stony Mountain and 
the municipal stone quarries (half-day). 


Western Excursion. 


A special train on the Canadian Pacific and Canadian Northern Rail- 
ways was provided by the liberality of the three western provinces of 
Saskatchewan, Alberta, and British Columbia for a tour after the Meeting, 
from Winnipeg to Vancouver (for Victoria) and back. The accommodation 
on this train was limited exclusively to 200 invited guests, and it was 
arranged that 150 of these (including twenty-five ladies) should be oversea 
Members invited by the Local Executive on the nomination of the Winnipeg 
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Committee of the Council, on whose instruction the General Secretaries 
had previously ascertained the names of those who, out of a selected list, — 
desired to join the party. The remaining fifty were to be Canadian and 
American Members invited by the Local Executive. | 

The special train left Winnipeg, on the Canadian Pacific line, at mid-— 
night on Thursday, September 2. It consisted of nine sleeping-cars, two 
dining-cars, and a baggage-car, this being the heaviest train which it was 
possible to handle over the mountain section of the line. It was in charge 
of Mr. H. W. Brodie, Assistant Passenger Agent for the Western Division, 
to whom, with his assistant, Mr. W. Trapp, the party owed much for the 
comfort of the journey. 

On September 3 a stop of five hours was made at Regina, Saskatchewan. 
Here the party was received by his Honour Amédée E. Forget, Lieutenant- 
Governor of the Province, and the gentlemen were entertained to luncheon 
in the City Hall. His Worship the Mayor, Mr. Williams, welcomed the 
party, and the City Clerk, Mr. J. Kelso Hunter, read a civic address of 
welcome. The President replied. The Hon. Walter Scott, Premier of the 
Province, then spoke on behalf of the Province, and Major MacMahon 
responded. Meanwhile the ladies had been entertained by Madame Forget 
at Government House, and the party subsequently reassembled at the 
barracks of the Royal North-West Mounted Police, where it was received by 
the officers of that force. 

A further stop was made in the evening at Moose Jaw, Saskatchewan, 
where the party was conducted to an archway emblematic of the agricul- 
tural prosperity of the region, and an address of welcome was given by 
his Worship the Mayor, Mr, J. E. Hopkins, and responded to by the 
President. The party was subsequently entertained to dinner, when 
speeches were delivered by Mr. Thomas Miller, President of the Moose Jaw | 
Board of Trade; Mr. Wm. Knowles, M.P.; Mr. E. N. Hopkins, President 
of the Saskatchewan Grain Growers’ Association; Mr. E. J. Chegwin; 
Mr. G. E. Tuxford; and Mr. H. McKellar, Commissioner of the Board of 
Trade ; and, on behalf of the Association party, by the President, Dr. W. N- 
Shaw, and Sir Duncan Johnston. 

At Gleichen, on Saturday afternoon, September 4, a number of Blaek- 
foot Indians met the train, and were received by the party. A collectiom 
was subsequently made for them, and forwarded to the Hon. David Laird, 
Indian Commissioner. It was expended in a gift of tea, sugar, and tobacco, 
for which the Head Chief of the Blackfoot Tribe, Yellow Horse, conveyed 
his thanks to the Association through the Commissioner. 

At Calgary, Alberta, which was reached later in the afternoon, con- 
veyances were provided to conduct the party on an inspection of the city 
and its environs. The visitors were subsequently entertained to dinner, 
when speeches were delivered by his Worship the Mayor, Mr. R. R.- 
Jamieson; the Hon. W. H. Cushing, Minister of Public Works for the 
Province of Alberta; and Mr. R. B. Bennett, K.C., M.P.; and, on behalf 
of the party, by the President, Dr. A. D. Waller, Major MacMahon, and 
Sir William White. 

On Sunday, September 5, the train entered the Rocky Mountains, and 
halts of several hours were made at Banff, where the party lunched at the 
finely situated hotel of the railway company; and at Laggan, where con- - 
veyances were in waiting for a drive to Lake Louise. On September 6 a 
stop was made at Glacier, in the Selkirk Range, and the glacier and other 
points of interest were visited on foot. 

Vancouver was reached on the morning of September 7, and the party 
immediately embarked on the steamer for Victoria. Here a reception and 
conversazione were given in the Parliament Buildings by the Provincial 
Government, assisted by the Natural History Society. On the following, 
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day excursions were made to various points of interest in the vicinity of 
the city, including the Naval Dockyard at Esquimalt. A party of biologists 
visited the biological station at Nanaimo. 

The party returned to Vancouver on Wednesday evening, September 8. 
No formal reception was arranged, but a lecture was delivered in the City 
Hall by Sir William White on ‘ Naval Affairs.’ On Thursday morning, 
September 9, facilities were provided for visiting Stanley Park, with its 
giant pine-trees, and other points of interest in the city and vicinity. 

The party left Vancouver east-bound on Thursday evening, and travelled 
without a break to Strathcona, Alberta, having diverged from the main line 
at Calgary, At Strathcona, which was reached on Saturday morning, 
September 11, the special train was handed over by the officials of the 
Canadian Pacific Railway to those of the Canadian Northern. Mr. Brodie 
received the thanks of the party for his attention, and he and Mr. Trapp 
were subsequently made the recipients of presentations on its behalf. 

Street cars conveyed the party from Strathcona across the North 
Saskatchewan River to Edmonton, where some of the chief buildings were 
‘inspected. Luncheon was provided, and his Worship the Mayor (Mr. 
Robert Lee) and Mr. J. A. McDougall, M.P.P., addressed a welcome to 
the visitors. The President, his Worship the Mayor of Winnipeg (Mr, 
Sanford Evans), Sir William White, and Sir Joseph Larmor replied. 
Subsequently the party embarked on a steamer on the North Saskatchewan, 
and was enabled to inspect the method of gold-washing carried on in that 
river, and the coal-mining operations on its banks. 

Edmonton was left in the evening, and the special train was conveyed 
over the Canadian Northern Railway to Winnipeg, which was reached on 
Monday morning, September 13, after a journey of 3,303 miles. 

On their return to Winnipeg Members heard with deep regret of the 
sudden death of Principal D. W. McDermid, who, as Vice-Chairman of the 
Local Executive Committee, had contributed much to the success of the 
Meeting, and in particular of the Western excursion, in connection with 
which he had previously travelled over a great part of the route, making 
or confirming the necessary arrangements. A wreath was sent to his 
relatives on behalf of the Association. 
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Cattle, the evolution of a breed of, by 
Prof. J. Wilson, 702. 

Cattle breeding, the Danish, some special 
features of, by Dr. P. A. Mérkeberg, 
700. 

*Cattle feeding, economic aspects of, 
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Dyson, Professor F. W., F.R.S. TutTTon, Dr. A. E. H., F.R.S. 
GLAZEBROOK, Dr, R. T., F.R.S, Wo FeE-Barry, Sir JOHN, K.O.B., F.R.S. 


Woopwarbp, Dr. A, SMITH, F.R.S. 


EX-OFFICIO MEMBERS OF THE COUNCIL, 


The Trustees, past Presidents of the Association, the President and Vice-Presidents for the year, the 

President and Vice-Presidents Elect, past and present General Treasurers and General Secretaries. past- 

Assistant General Secretaries, and the Local Treasurers and Local Secretaries for the ensuing Aunual 
Meeting, 


TRUSTEES (PERMANENT). 


The Right Hon, Lord AvEsuRY, D.C.L., LL.D., F.R.S., F.L.S. 
The Right Hon. Lord RAYLEIGH, M.A., D.C.L., LL.D., F.R.S., F.R.A.S. 
Sir AnrHuR W. RUCKER, M.A., D.Se., LL.D., F.R.S. 


PAST PRESIDENTS OF THE ASSOCIATION, 


Sir Jozeph D. Hooker, G.C.S.I. Sir A. Geikie, K.O.B., Pres. R.S. | Sir Norman Lockyer, K.O.B.,F.R.S 

Lord Avebury, D.C.L., F.R.S. | Lord Lister, D. O.L., F.R.S. | Arthur J. Balfour, D.C.L., F.R.S. 

Lord Rayleigh, D.C.L., F'.B.8. | Sir William Orookes, F.K.S. | Sir George Darwin, K.C.B., F.R.S. 

Sir H. E. Roscoe, D.C.L., F.R.S. | Sir W. Turner, K.O.B., F.R.S. | Sir E.Ray Lankester,K.O.B.,F.R.S. 

Sir William Huggins s, K.O.B., | Sir A. W. Riicker, D.Sc., F.R.S. | Sir David Gill, K.C. 2B. .» F.R.S. 
F.RS. R.5, 


| Sir James Dewar, LI..D., F.R,S, | Dr. Francis’ Darwi in, F.R.5, 


PAST GENERAL OFFICERS OF THE ASSOCIATION. 


fir F. Galton, D.O.L., F.R.S. A. Vernon Harcourt, F.R.S. Dr, D. H. Scott, M.A., F.R.S, 
P. L. Sclater, Ph.D., F.R.S, Sir A. W. Riicker, D.Sc., F.R.S. Dr. G. Carey Foster, F.R.S. 
Prof, T. G. Bonney, Sc.D., F.R.S. | Prof. E. A. Schiifer, F.R.&. Dr. J. G. Garson. 


AUDITORS. 


Sir Edward Brabrook, C.B, | Professor H. MeLcod, F.R S, 


— ——— 


LIST OF MEMBERS 


OF THE 


BRITISH ASSOCIATION FOR THE ADVANCEMENT 


OF SCIENCE. 


1909. 


* indicates Life Members entitled to the Annual Report. 
§ indicates Annual Subscribers entitled tv the Annual Report. 
{ indicates Subscribers not entitled to the Annual Report. 
Names without any mark before them are Life Members, elected 
before 1845, not entitled to the Annual Report. 
Names of Members of the GENERAL COMMITTEE are printed in 
SMALL CAPITALS. 
Names of Members whose addresses are incomplete or not known 
are in ttalics. 


Notice of changes of residence should be sent to the Assistant Secretary, 


Burlington House, London, W. 


Year of 
Election. 


1905. 
1887. 


1881. 
1885. 


1885. 
1873. 


1905. 
1905. 
1882. 
1869. 
1877. 


1894. 
1877. 
1904. 
1898. 


*4 ghaeeeltce, Robert, F.R.G.S. P.O. Box 322, Pietermaritzburg, 

atal. 

*ApBE, Professor CLEVELAND. Local Office, U.S.A. Weather 
Bureau, Baltimore, U.S.A. 

*Abbott, R. T. G. Whitley House, Malton. 

*ABERDEEN, The Earl of, G.C.M.G., LL.D. Haddo House, Aber- 
deen. 

{Aberdeen, The Countess of. Haddo House, Aberdeen. 

*ABNEY, Captain Sir W. pr W., K.C.B., D.C.L., F.RB.S., F.B.A.S. 
(Pres. A, 1889 ; Pres. L, 1903; Council, 1884-89, 1902-05, 
1906- .) Measham Hall, Leicestershire. 

tAbrahamson, Louis. Civil Service Club, Cape Town. 

§Aburrow, Charles. P.O. Box 534, Johannesburg. 

*Acland, Alfred Dyke. 38 Pont-street, Chelsea, S.W. 

{Acland, Sir C. T. Dyke, Bart., M.A. Killerton, Exeter. 

*Acland, Captain Francis E. Dyke, R.A. Walwood, Banstead, 
Surrey. 

*Acland, Henry Dyke, F.G.S. Lamorva, Falmouth. 

*Acland, Theodore Dyke, M.D. 19 Bryanston-square, W. 

§Acton, T. A. 3 Grove-road, Wrexham. 

fAcworrn, W. M., M.A. (Pres. F, 1908.) Tho Albany, W. 


. 
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Year 


BRITISH ASSOCIATION. 


Election 


1901. 
1887. 


1901. 
1904. 
1869. 


1908. 
1898. 
1890. 


1899. 
1908. 
1905. 
1908. 


1902. 
1909, 
1906. 
1871. 
1909. 
1890. 
1895. 
1891. 
US71, 
1901. 
1884. 
1886. 
1905. 


1907. 
1900. 
1896. 


1905. 
1888. 
1891. 
1883. 
1883. 
1901. 
1904. 
1879. 
1898. 
1888. 
1907. 


1882 


1887 
1883 
1884 


1909, 


1905. 


. 


tAdam, J. Miller. 15 Walmer-crescent, Glasgow. 

tApamr, J. G., M.A., M.D., F.R.S., Professor of Pathology in 
McGill University, Montreal, Canada. 

§Adams, John, M.A., Professor of Education in the University of 
London. 23 Tanza-road, Hampstead, N.W. 

fAdams, W. G. S., M.A. Department of Agriculture, Upper 
Merrion-street, Dublin. 

*ApaMs, WiLtIAM GRYLLS, M.A., D.Sc., F.R.S., F.G.S., F.C.P.S. 
(Pres. A, 1880 ; Council, 1878-85.) Heathfield, Broadstone, 
Dorset. 

§Adamson, R. Stephen. Emmanuel College, Cambridge. 

{Addison, William L. T. Byng Inlet, Ontario, Canada. 

tApEenry, W. E., D.Sc., F.C.S. Royal University of Ireland, 
Earlsfort-terrace, Dublin. 

*Adie, R. H., M.A., B.Sc. 136 Huntingdon-road, Cambridge. 

§Adkin, Robert. 4 Lingard’s-road, Lewisham, S.E. 

{Adle, Henry. P.O. Box 1059, Johannesburg. 

*Agar, W. E., M.A. Natural History Department, The University, 
Glasgow. 

tAgnew, Samuel, M.D. Bengal-place, Lurgan. 

§Aikins, J. Somerset. 426 Assiniboine-avenue, Winnipeg, Canada. 

§Aikman, J. A. 6 Glencairn-crescent, Edinburgh. 

*Ainsworth, John Stirling. Harecroft, Gosforth, Cumberland. 

*ATRD, JOHN. Canadian Bank of Commerce, Winnipeg, Canada. 

*ATREDALE, Lord. Gledhow Hall, Leeds. 

*Airy, Hubert, M.D. Stoke House, Woodbridge, Suffolk. 

*Aisbitt, M. W. Mountstuart-square, Cardiff. 

§ArrKEN, Joun, LL.D., F.R.S., F.R.S.E. Ardenlea, Falkirk, N.B. 

{Aitken, Thomas, M.Inst.C.E. County Buildings, Cupar-Fife. 

*Alabaster, H. Milton, Grange-road, Sutton, Surrey. 

*Albright, G. S. Broomsberrow Place, Ledbury. 

fAlbright, Miss. Finstal Farm, Finstal, Bromsgrove, Worcester- 
shire. 

§Alcock, N. H., M.D., D.Sc. 22 Downshire-hill, Hampstead, N.W. 

*Aldren, Francis J.. M.A. The Lizans, Malvern Link. 

§Aldridge, J. G. W., Assoc.M.Inst.C.E. 39 Victoria-street, West- 
minster, S.W. 

*Alexander, J. Abercromby, F.S.A. 24 Lawn-crescent, Kew. 

*Alexander, Patrick Y. 82 Victoria-street, S.W. 

*Alford, Charles J., F.G.S. Hotel Angleterre, Vevey, Switzerland. 

tAlger, W. H. The Manor House, Stoke Damerel, South Devon. 

tAlger, Mrs. W. H. The Manor House, Stoke Damerel, South Devon. 

*Allan, James A. Westerton, Milngavie. 

*Allcock, William Burt. Emmanuel College, Cambridge. 

*Allen, Rev. A. J.C. 34 Lensfield-road, Cambridge. 

§AtiEn, Dr. E. J. The Laboratory, Citadel Hill, Plymouth. 

tAtien, F. J., M.A. 108 Mawson-road, Cambridge. 

*Allorge, M. M., L. és Sc., F.G.8. University Museum, Oxford. 

*Alverstone, The Right Hon. Lord, G.C.M.G., LL.D., F.RB.S. 
Hornton Lodge, Hornton-street, Kensington, W. 

tAlward, G. L. 11 Hamilton-street, Grimsby, Yorkshire. 

§Amery, John Sparke. Druid, Ashburton, Devon. 

tAmz, Henry, M.A., D.Sc., F.G.S. Geological Survey, Ottawa, 
Canada. 

§Ami, H. M., M.D. Ottawa, Canada. 

fAnderson, A. J., M.A., M.B. The Residency, Portswood-road, 
Green Point, Cape Colony. 
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Year of 


~t 


LIST OF MEMBERS ; 1909, 


Election. 


1905. 
1908. 
1885. 


1901. 
1892. 
1899. 
1888. 
1887. 


1905. 
1880. 


1902. 
1901. 
1908 
1907. 
1909. 
1895. 
1909. 
1880. 
1886. 
1877. 


1900. 
1896. 


1886. 
1890. 
1901. 
1900. 
1894. 
1884. 
1909. 
1909. 


1883. 
1908. 


1903. 
1873. 


1909. 
1905. 
1905. 


*Anderson, C. L. P.O. Box 2162, Johannesburg. 

{Anderson, Edgar. Glenavon, Merrion-road, Dublin. 

*AnpErson, Hua Kerr, M.A., M.D., F.R.S. Caius College, 
Cambridge. 

*Anderson, James. Ravelston, Kelvinside, Glasgow. 

tAnderson, Joseph, LL.D. 8 Great King-street, Edinburgh. 

*Anderson, Miss Mary Kerr. 13 Napier-road, Edinburgh. 

*Anderson, R. Bruce. 5 Westminster-chambers, 8.W. 

tAnpErRson, Professor R. J., M.D., F.L.S. Queen’s College, and 
Atlantic Lodge, Salthill, Galway. 

tAnderson, T. J. P.O. Box 173, Cape Town. 

* ANDERSON, TempEsT, M.D., D.Sc.,F.G.S. (Council, 1907— ; Local 
Sec. 1881.) 17 Stonegate, York. 

*Anderson, Thomas. Embleton, Osborne Park, Belfast. 

*Anderson, Dr. W. Carrick. 8 Windsor-quadrant, Glasgow. 

tAnderson, William. Glenavon, Merrion-road, Dublin. 

tAndrews, A. W. Adela-avenue, West Barnes-lane, New Malder, 
Surrey. 

§Andrews, Alfred J., Care of Messrs. Andrews, Andrews, & Co., 
Winnipeg, Canada. 

tAndrews, Charles W., B.A., D.Sc, F.R.S. British Museum 
(Natural History), S.W. 

§Andrews, G. W. 433 Main-street, Winnipeg, Canada. 

*Andrews, Thornton, M.Inst.C.E. Cefn Kithen, Swansea. 

§Andrews, William, F.G.S. Steeple Croft, Coventry. 

§AnGELL, JoHN, F.C.S., F.I.C. 6 Beacons-field, Derby-road, 
Withington, Manchester. 

tAnnandale, Nelson. 34 Charlotte-square, Edinburgh. 

tAnnett, R. C. F., Assoc.Inst.C.E. 4 Buckingham-avenue, Sefton 
Park, Liverpool. 

tAnsell, Joseph. 27 Bennett’s-hill, Birmingham. 

§Antrobus, J. Coutts. Eaton Hall, Congleton. 

tArakawa, Minozi. Japanese Consulate, 84 Bishopsgate-street 
Within, E.C. 

tArber, E. A. Newell, M.A., F.L.S. Trinity College, Cambridge. 

{Archibald, A. Holmer, Court-road, Tunbridge Wells. 

*Archibald, E. Douglas. Constitutional Club, W.C. 

§Archibald, E. H. Bowne Hall of Chemistry, Syracuse University, 
Syracuse, New York, U.S.A. 

§Archibald, H. Care of Messrs. Machray, Sharpe, & Dennistoun, 
Bank of Ottawa Chambers, Winnipeg, Canada. 

*Armistead, William. Hillcrest, Oaken, Wolverhampton. 


tArmstrong, E. C. R., M.R.I.A., F.R.G.S. Cyprus, Eglinton-road, 
Dublin. 

*ArmstTRoNG, E. FRANKLAND, D.Sc., Ph.D. 98 London-road, 
Reading. 


*ARMSTRONG, Henry E., Ph.D., LL.D., F.R.S. (Pres. B, 1885, 
1909; Pres. L, 1902; Council, 1899-1905, 1909- ), Pro- 
fessor of Chemistry in the City and Guilds of London 
Institute, Central Institution, Exhibition-road, 8.W. 
55 Granville-park, Lewisham, 8.E. 

§Armstrong, Hon. Hugh. Parliament Buildings, Kennedy-street, 
Winnipeg, Canada. 

tArmstrong, John. Kamfersdam Mine, near Kimberley, Cape 
Colony..- 

§ARNOLD, J. O., Professor of Metallurgy in the University of 
Sheffield. 
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BRITISH ASSOCIATION. 


Year of 
Election. 


1893. 


1904. 
1870. 
1903. 
1909. 
1907. 


1903. 
1890. 
1905. 
1875. 
1896. 
1905. 
1908. 


1903. 
1887. 


1898. 
1894. 


1906. 


1881. 
1907. 
1881. 


1863. 
1906. 


1907. 
1903. 
1853. 


1909. 


1883. 
1906. 
1883. 
1887. 
1903. 
1907. 


1908. 
1905. 
1883. 
1883. 


1893. 
1887. 
1905. 
1905. 
1894, 


*ARNOLD-BemrosE, H. H., Se.D., F.G.8. Ash Tree House, 
Osmaston-road, Derby. 

tArunachalam, P. Ceylon Civil Service, Colombo, Ceylon. 

*Ash, Dr. T. Linnington. Penroses, Holsworthy, North Devon. 

*Ashby, Thomas. The British School, Rome. 

§Ashdown, J. H. 337 Broadway, Winnipeg, Canada, 

{Asuuey, W. J., M.A. (Pres. F, 1907), Professor of Commerce in the 
University of Birmingham. 3 Yatcley-road, Edgbaston, Bir- 
mingham. 

Ashworth, Henry. Turton, near Bolton. 

*Ashworth, J. H., D.Sc. 4 Cluny-terrace, Edinburgh. 

tAshworth, J. Reginald, D.Sc. 105 Freehold-street, Rochdale. 

tAskew, T. A. Main-road, Claremont, Cape Colony. 

*Aspland, W. Gaskell. 50 Park Hill-road, N.W. 

*Assheton, Richard, M.A., F.L.S. Grantchester, Cambridge. 

tAssheton, Mrs. Grantchester, Cambridge. 

§Astley, Rev. H. J. Dukinfield, M.A. East Rudham Vicarage, 
King’s Lynn. 

fAtchison, Arthur F. T., B.Sc. Royal Engineering College, 
Cooper’s Hill, Staines. 

§Atkinson, Rev. C. Chetwynd, D.D. Ingestre, Ashton-on-Mersoy. 

*Atkinson, E. Cuthbert. 5 Pembroke-vale, Clifton, Bristol. 

*Atkinson, Harold W., M.A. West View, Eastbury-avenue, North- 
wood, Middlesex. 

tAtkinson, J. J. Cosgrove Priory, Stony Stratford, 

{Atkinson, J.T. The Quay, Selby, Yorkshire. 

tAtkinson, Robert E. Morland-avenue, Knighton, Leicester. 

tAtTKrnson, Rospert WirwiAm, F.C.S. (Local Sec. 1891.) 44 
Loudoun-square, Cardiff. 

*ATTFIELD, J., M.A., Ph.D., F.R.S.,F.C.S. Ashlands, Watford, Herts. 

§AupDEN, Dr. G. A, The Education Office, Edmund-street, Bir- 
mingham. 

§Auden, H, A., D.Sc. Westwood, Grassendale, Liverpool. 

tAustin, CHARLES E. 37 Cambridge-road, Southport. 

*AvEeBuURY, The Right Hon. Lord, D.C.L., F.R.S. (PresipEnt, 
1881; TrustrE, 1872-_ ; Pres. D, 1872 ; Council, 1865-71.) 
High Elms, Farnborough, Kent. 

§Axtell, S. W. Stobart Block, Winnipeg, Canada. 


*Bach-Gladstone, Madame Henri. 147 Rue de Grenelle, Paris. 

tBackhouse, James. Daleside, Scarborough. 

*Backhouse, W. A. St. John’s, Wolsingham, R.S.0., Durham. 

*Bacon, Thomas Walter. Ramsden Hall, Billericay, Essex. 

{Baden-Powell, Major B. 22 Prince’s-gate, S.W. 

§Badgley, Colonel W. F., Assoc.Inst.C.E., F.R.G.S. Verecroft, 
Devizes. 

*Bagnall, Richard Siddoway. The Groves, Winlaton, Co. Durham. 

tBaikie, Robert. P.O. Box 36, Pretoria, South Africa. 

{Baildon, Dr. 42 Hoghton-street, Southport. 

*Bailey, Charles, M.Sc., F.L.S. Haymesgarth, Cleeve Hill S.0., 
Gloucestershire. 

tBarxey, Colonel F., F.R.G.S._ 7 Drummond-place, Edinburgh. 

*Bailey, G. H., D.Sc., Ph.D. Marple Cottage, Marple, Cheshire. 

*Bailey, Harry Percy. 22 Clarendon-road, Margate. 

§Bailey, Right Hon. W. F., C.B. Land Commission, Dublin. 

*Barty, Francis Gipson, M.A. Newbury, Colinton, Midlothian. 
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LIST OF MEMBERS; 1909, ) 


Year of 

Election. 

1878. {Batty, WattER. 4 Roslyn-hill, Hampstead, N.W. 

1905. *Baker, Sir Augustine. 56 Merrion-square, Dublin. 

1886. §Baker, Harry, F.I.C. Epworth House, Moughland-lane, Runcorn. 


1907. 
1904, 


1894. 


1905. 
1875, 


1883. 
1905. 
1905. 
1905. 
1878. 


1866. 


1908. 
1883. 
1905. 
1869. 


1890. 
1909, 
1899. 
1905. 
1898. 


1909. 
1910. 
1890. 
1861. 
1860. 
1887. 
1902. 
1902. 
1904. 
1906. 


1899. 
1882. 


1898. 
1909. 


1889. 


1883. 
1885. 


t{Baldwin, Walter. 5 St. Alban’s-street, Rochdale. : 

{Batrour, The Right Hon. A. J., D.C.L., LL.D., M.P., F.R.S., 
Chancellor of the University of Edinburgh. (PREsiDEN7, 
1904.) Whittinghame, Prestonkirk, N.B. 

tBatrour, Henry, M.A. (Pres. H, 1904.) Langley Lodge, 
Headington Hill, Oxford. 

{Balfour, Mrs. H. Langley Lodge, Headington Hill, Oxford. 

{Batrour, Isaac Baytzry, M.A., D.Sc., M.D., F.R.S., F.R.S.E., 
F.L.S. (Pres. D, 1894; K, 1901), Professor of Botany in the 
University of Edinburgh. Inverleith House, Edinburgh. 

{Balfour, Mrs. I. Bayley. Inverleith House, Edinburgh. 

{Balfour, Mrs. J. Dawyck, Stobo, N.B. 

{Balfour, Lewis. 11 Norham-gardens, Oxford. 

{Balfour, Miss Vera B. Dawyck, Stobo, N.B. 

*Ball, Sir Charles Bent, M.D., Regius Professor of Surgery in the 
University of Dublin. 24 Merrion-square, Dublin. 

*BaLn, Sir Ropert StaweEwy, LL.D., F.R.S., F.R.A.S. (Pres. A, 
1887 ; Council, 1884-90, 1892-94 ; Local Sec. 1878), Lown- 
dean Professor of Astronomy and Geometry in the University 
of Cambridge. The Observatory, Cambridge. 

{Ball, T. Elrington. 6 Wilton-place, Dublin. 

*Ball, W. W, Rouse, M.A. Trinity College, Cambridge. 

{Ballantine, Rev. T. R. Tirmochree, Bloomfield, Belfast. 

{Bamber, Henry K., F.C.S. 5 Westminster-chambers, Victoria- 
street, Westminster, S.W. 

{Bamford, Professor Harry, M.Sc. 30 Falkland-mansions, Glasgow. 

§Bampfield, Mrs, E. 303 Donald-street, Winnipeg, Canada. 

§Bampton, Mrs. 42 Marine-parade, Dover. 

§Banks, Miss Margaret Pierrepont. 10 Regent-terrace, Edinburg). 

tBannerman, W. Bruce, F.8.A. The Lindens, Sydenham-road, 
Croydon. 

§Baragar, Charles A. University of Manitoba, Winnipeg, Canada. 

§Barber, Miss Mary. 25 Holland-street, Kensington, W. 

*Barber-Starkey, W. J. 8. Aldenhafh Park, Bridgnorth, Salop. 

*Barbour, George. Bolesworth Castle, Tattenhall, Chester. 

*Barclay, Robert. High Leigh, Hoddesden, Herts. 

*Barclay, Robert. Sedgley New Hall, Prestwich, Manchester. 

{Barcroft, H., D.L. The Glen, Newry, Co. Down. 

{Barcroft, Joseph, M.A., B.Sc. King’s College, Cambridge. 


§Barker, B. T. P., M.A. Fenswood, Long Ashton, Bristol. 

*Barker, Geoffrey Palgrave. Henstead Hall, near Wrentham, 
Suffolk. 

§Barker, John H., M.Inst.C.E. Adderley Park Rolling Mills, 
Birmingham. 

*Barker, Miss J.M. Care of Mrs. Plummer, Prior’s-terrace, Tyre- 
mouth. 

{Barker, W. R. 106 Redland-road, Bristol. 


§Barlow, Lieut.-Colonel G. N. H. Care of Messrs. Cox & Co., 16 
Charing Cross, 8. W. 

tBarlow, H. W. L., M.A., M.B., F.C.S. The Park Hospital, Hitker 
Green, 8.E. 

{Barlow, J. J. 84 Cambridge-road, Southport. 

*Bartow, Wii1aM, F.R.S., F.G.S. The Red Hcure, Creat 
Stanmore. 


10 
Year of 
Election 


1905. 


1902. 
1881. 
1904. 
1907. 
1909. 
1881. 


1902. 
1904. 
1872. 


1874. 
1874. 


1893. 
1896. 
1908. 
1884. 
1890. 
1890. 
1892. 


1858. 
1909. 
1909. 
1893. 
1908. 
1904. 


1845. 
1888. 


1891. 
1866. 
1889. 


1871. 


1883. 
1907. 
1884. 


1881. 


1906. 
1904. 
1909. 
1905. 


BRITISH ASSOCIATION, 


§Barnard, Miss Annie T., M.D., B.Sc. 32 Chenics-street-chambers, 
Gower-street, W.C. 

§Barnard, J. E. Park View, Brondesbury Park, N.W. 

{Barnard, William, LL.B. 3 New-court, Lincoln’s Inn, W.C. ” 

+Barnes, Rev. E. W., M.A., F.R.A.S. Trinity College, Cambridge. 

§Barnes, Professor H. T. McGill University, Montreal, Canada. 

*Barnett, Miss Edith A. Holm Leas, Worthing. 

{Barr, ARCHIBALD, D.Sc., M.Inst.C.E., Professor of Civil Engineer- 
ing in the University, Glasgow. 

*Barr, Mark. Gloucester-mansions, Harrington-gardens, 8.W. 

+Barrett, Arthur. 6 Mortimer-road, Cambridge. 

*Barrert, W. F., F.R.S., F.R.S.E., M.R.1.A., Professor of Physics 
in the Royal College of Science, Dublin. 6 De Vesci-terrace, 
Kingstown, Co. Dublin. 

*Barrinaton, R. M., M.A., LLB., F.L.S. Fassaroe, Bray, Co. 
Wicklow. 

*Barrington-Ward, Rev. Mark J., M.A., F.LS., F.R.G.S., H.M. 
Inspector of Schools. Thorneloe Lodge, Worcester. 

*Barrow, Georcs, F.G.S. 28 Jermyn-street, §.W. ‘ 

§Barrowman, James. Staneacre, Hamilton, N.B. 

tBarry, Gerald H. Wiglin Glebe, Carlow, Ireland. 

*Barstow, Miss Frances A. Garrow Hill, near York. 

*Barstow, J. J. Jackson. The Lodge, Weston-super-Mare. 

*Barstow, Mrs. The Lodge, Weston-super-Mare. 

tBartholomew, John George, F.R.S.E., F.R.G.S. Newington 
House, Edinburgh. 

*Bartholomew, William Hamond, M.Inst.C.E. Ridgeway House, 
Cumberland-road, Hyde Park, Leeds. 

§Bartleet, Arthur M. 138 Hagley-road, Edgbaston, Birmingham. 

§Bartlett, C. Bank of Hamilton-building, Winnipeg, Canada. 

*Barton, Edwin H., D.Sc., F.R.S.E., Professor of Experimental 
Physics in University College, Nottingham. 

{Barton, Rev. Walter John, B.A., F.R.G.S. The College, Win- 
chester. 

*Bartrum, C. O., B.Sc. 12 Heath-mansions, Heath-street, Hamp- 

stead, N.W. ° 
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*CowELL, Partrrp H., M.A., F.R.S. Royal Observatory, Greenwich, 
and 74 Vanbrugh-park, Blackheath, 8.E. 

tCowper-Coles, Sherard, Assoc.M.Inst.C.E. 82 Victoria-street, 
S.W 


*Cox, Edward. Cardean, Meigle, N.B. 

§Cox, F. J. C. Anderson-avenue, Winnipeg, Canada. 

§Cox, 8. Herbert, Professor of Mining in the Royal College of 
Science, S.W. 

{Cox, W. H. Royal Observatory, Cape Town. 

tCraig, H. C. Strandtown, Belfast. 

{Craig, James, M.D. 18 Merrion-square North, Dublin. 

§Craicir, Major P. G., C.B., F.S.S. (Pres. F, 1900; Council, 
1908- .) West Wellow, Romsey, Hampshire. 

tCraik, Sir Henry, K.C.B., LL.D., M.P. 5a Dean’s-yard, West- 
minster, S.W. 

*Cramer, W., Ph.D., D.Se. Physiological Department, The 
University, Edinburgh. 

§Cramp, William. Redthorn, Whalley-road, Manchester. 

*Cranswick, Wm. Franceys. 34 Boshof-road, Kimberley. 

tCraven, Henry. (Local Sec. 1906.) Clifton Green, York. 

*Craven, Thomas, J.P. Woodheyes-Park, Ashton-wpon- Mersey. 

{tCrawford, Mrs. A. M. Marchmont, Rosebank, near Cape Town. 

tCrawford, Professor Lawrence, M.A., D.Sc., F.R.S.E. South 
African College, Cape Town. 

*Crawford, William Caldwell, M.A. 1 Lockharton-gardens, Colin- 
ton-road, Edinburgh. 

{Crawford, W. C., jun. 1 Lockharton-gardens, Colinton-road, 
Edinburgh. 

*CRAWFORD AND Batcarres, The Right Hon. the Earl of, K.T., 
LL.D., F.R.S., F.R.A.S. 2 Cavendish-square, W.; and 
Haigh Hall, Wigan. 

§Crawshaw, Charles B. Rufford Lodge, Dewsbury. 

*Crawshaw, Edward, F.R.G.S. 25 Tollington-park, N. 

§CrEax, Captain E. W.,C.B., R.N., F.R.S. (Pres. E, 1903 ; Council, 
1896-1903.) 9 Hervey-road, Blackheath, 8.E. 

*Crewdson, Rev. Canon George. St. Mary’s Vicarage, Windermere. 

*Crewdson, Theodore. Spurs, Styall, Handforth, Manchester. 

}Crilly, David. 7 Well-strect, Paisley. 


Year of 
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Election. 


1880. 
1908. 


1905. 
1890. 


1908. 


1878. 


1903. 
1901. 


1887. 
1898. 
1865. 


1879. 
1897. 
1909. 
1905. 
1894. 
1870. 
1904. 


1890. 


1905. 
1904. 


1908. 
1887. 
1894. 


1897. 
1890. 
1883. 


1883. 
1898. 
1861. 
1861. 
1905. 
1882. 
1905. 


1885. 
1869. 


1883. 
1892. 
1900. 


*Crisp, Sir Frank, B.A., LL.B., F.LS., F.G.8. 5 Lansdowne-road, 
Notting Hill, W. 

§Crocker, J. Meadmore. Albion House, Bingley, Yorkshire. 

§Croft, Miss Mary. 17 Pelham-crescent, S.W. 

*Croft, W. B., M.A. Winchester College, Hampshire. 

§Crofts, D. G. Cadastral Survey, Nairobi, Hast African Pro- 
tectorate. 

*Croke, John O'Byrne, M.A. Clouncagh, Ballingarry-Lacy, Co. 
Limerick. 

*Crompton, Holland. Oaklyn, Cross Oak-road, Berkhamsted. 

tCrometon, Colonel R. E., C.B., M-Inst.C.E. (Pres. G, 1901.) 
Kensington-court, W. 

{Croox, Henry T., M.Inst.C.E. 9 Albert-square, Manchester. 

§CrooKkE, Witt1AM. Langton House, Charlton Kings, Cheltenham. 

§CrooxkEs, Sir WittrAM, D.Sc., F.R.S., V.P.C.S. (PRrEsIDENT, 1898 : 
Pres. B, 1886; Council, 1885-91.) 7 Kensington Park- 
gardens, W. 

tCrookes, Lady. 7 Kensington Park-gardens, W. 

*CROOKSHANK, E. M., M.B. Ashdown Forest, Forest Row, Sussex. 

§Crosby, Rev. E. H. Lewis, B.D. 36 Rutland-square, Dublin. 

tCrosfield, Hugh T. Walden, Coombe-road, Croydon. 

*Crosfield, Miss Margaret C. Undercroft, Reigate. 

*CROSFIELD, WituIAM. 3 Fulwood-park, Liverpool. 

§Cross, Professor Charles R. Massachusetts Institute of Technology, 
Boston, U.S.A. 

tCross, E. Richard, LL.B. Harwood House, New Parks-crescent, 
Scarborough. 

§Cross, Robert. 13 Moray-place, Edinburgh. 

*CrossLtEy, A. W., D.Sc., Ph.D., F.R.S., Professor of Chemistry 
to the Pharmaceutical Society of Great Britain. 10 Crediton- 
road, West Hampstead, N.W. 

tCrossley, F. W. 30 Molesworth-street, Dublin. 

*Crossley, Sir William J., Bart., M.P. Glenfield, Bowdon, Cheshire. 

*Crosweller, William Thomas, F.Z.S., F.I.Inst. Kent Lodge, Sid- 
cup, Kent. 

*Crosweller, Mrs. W. T. Kent Lodge, Sidcup, Kent. 

*Crowley, Ralph Henry, M.D. 116 Manningham-lane, Bradford. 

*CULVERWELL, EDWARD P., M.A., Professor of Education in Trinity 
College, Dublin. — 

{Culverwell, T. J. H. Litfield House, Clifton, Bristol. 

tCundall, J. Tudor. 1 Dean Park-crescent, Edinburgh. 

*Cunliffe, Edward Thomas. The Parsonage, Handforth, Manchester. 

*Cunliffe, Peter Gibson. Dunedin, Handforth, Manchester. 

{Cunningham, Miss A. 2 St. Paul’s-road, Cambridge. 

*CUNNINGHAM, Lieut.-Colonel AtLan, R.E., A.I.C.E. 20 Essex- 
villas, Kensington, W. 

{Cunningham, Andrew. Earlsferry, Campground-road, Mowbray, 
South Africa. 

{tCunnincuam, J. T., B.A. Biological Laboratory, Plymouth. 

{CunnInGcHAM, Rosert O., M.D., F.L.S., Professor of Natural 
History in Queen’s College, Belfast. 

*CunnincHaM, Rev. W., D.D., D.Sc. (Pres. F, 1891, 1905.) Trinity 
College, Cambridge. i 

{Cunningham-Craig, E. H., B.A., F.G.S. 14a Dublin-street, 
Edinburgh. 

*Cunnington, William A., M.A., Ph.D., F.Z.S. 25 Orlando-road, 
Clapham Common, §,W, 
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Year of 
Election. 


1908. 
1892. 


1905. 
1905. 
1902. 
1883. 
1881, 


1907, 


1898. 


1889. 
1906. 


1907 


1904. 
1862. 
1905. 
1901. 
1896. 
1849. 
1897. 


1903. 
1904. 
1899. 
1882. 


1881. 


1905. 
1878. 


1894, 


1882. 
1908. 
1880. 
1884. 
1904, 


1909. 


1902. 
1887. 
1904, 
1906. 


{Currelly, C. T., M.A., F.R.G.S. United Empire Club, 117 Picca- 
dilly, W. 

*Currie, James, M.A., F.R.S.E. Larkfield, Wardie-road, Edin- 
burgh. 

{Currie, Dr. O. J. Manor House, Mowbray, Cape Town. 

tCurrie, W. P. P.O. Box 2010, Johannesburg. 

tCurry, Professor M., M.Inst.C.E. 5 King’s-gardens, Hove. 

{Cushing, Mrs. M. Rosslynlee, Woodside Green, South Norwood, 8.E. 

§Cushing, Thomas, F.R.A.S. Rosslynlee, Woodside Green, South 
Norwood, 8.E. 

tCushny, Arthur R., M.D., F.R.S., Professor of Pharmacology in 
University College, Gower-strect, W.C. 


§Dalby, W. E., D.Se., M.Inst.C.E., Professor of Civil and Mechanical 
Engineering in the City and Guilds of London Institute, 
Exhibition-road, S.W. 

*Dale, Miss Elizabeth. Garth Cottage, Oxford-road, Cambridge. 

§Dale, William, F.S.A., F.G.S. The Lawn, Archer’s-road, South- 
ampton. 

{DatewiesH, RicwaRp, J.P., D.L. Ashfordby Place, near Melton 
Mowbray. 

*Datton, J. H. C., M.D. The Plot, Adams-road, Cambridge. 

{Dansy, T. W., M.A., F.G.S. The Crouch, Seaford, Sussex. 

§Daniel, Miss A. M. 3 St. John’s-terrace, Weston-super-Mare. 

{Daniell, G. F., B.Se. Woodberry, Oakleigh Park, N. 

§Danson, F. C. Tower-buildings, Water-street, Liverpool. 

*Danson, Joseph. Montreal, Canada. 

§Darbishire, F. V., B.A., Ph.D. South-Eastern Agricultural 
College, Wye, Kent. 

{tDarbishire, Dr. Otto V. The University, Manchester. 

*Darwin, Charles Galton. Newnham Grange, Cambridge. 

*Darwin, Erasmus. The Orchard, Huntingdon-road, Cambridge. 

*Darwin, Francis, M.A., M.B., LL.D., D.Sc., F.R.S., F.L.S. 
(PrREsIDENT, 1908; Pres. D, 1891; Pres. K, 1904; Council, 
1882-84, 1897-1901.) 13 Madingley-road, Cambridge. 

*Darwin, Sir GrorcE Howarp, K.C.B., M.A., LL.D., F.B.S., 
F.R.A.S. (Presrmpent, 1905 ; Pres. A, 1886 ; Council, 1886- 
1892.) Plumian Professor of Astronomy and Experimental 
Philosophy in the University of Cambridge. Newnham 
Grange, Cambridge. 

tDarwin, Lady. Newnham Grange, Cambridge. 

*Darwin, Horace, M.A., F.R.S. The Orchard, Huntingdon-road, 
Cambridge. 

*Darwin, Major Leonarp, Pres. R.G.S. (Pres. E, 1896; Council, 
1899-1905.) . 12 Egerton-place, South Kensington, S.W 

{Darwin, W. E., B.A., F.G.S. 11 Egerton-place, S.W. 

{Davey, H. 15 Victoria-road, Brighton. 

*Davry, Henry, M.Inst.C.E. Conaways, Ewell, Surrey. 

{David, A. J., B.A., LL.B. 4 Harcourt-buildings, Temple, E.C. 

§Davidge, H. T., B.Sc., Professor of Electricity in the Ordnance 
College, Woolwich. 

§Davidson, A. R. 150 Stradbrooke-place, Winnipeg, Canada. 

*Davidson, 8. C. Seacourt, Bangor, Co. Down. 

*Davies, H. Rees. Treborth, Bangor, North Wales. 

§Davies, Henry N., F.G.8. St. Chad’s, Weston-super-Mare. 

tDavies, 8. H. Ryecroft, New Earswick, York. 
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Year of 
Election. 


1893. 


1896. 
1870. 
1873. 
1905. 
1896. 
1905. 
1885. 
1905. 
1905. 
1864. 


1885. 


1901. 
1905. 
1884. 


1906. 
1859. 
1909. 
1900. 
1909. 


1901. 
1884. 
1866. 


1893. 
1878. 
1908. 
1907. 
1896. 
1902. 


1908. 
1889. 


1905. 


1909. 
1874. 


1907. 
1908. 


1894 
1903 
1868 


*Davies, Rev. T. Witton, B.A., Ph.D., D.D., Professor of Semitic 
Languages in University College, Bangor, North Wales. 

*Davies, Thomas Wilberforce, F.G.8. 41 Park-place, Cardiff. 

*Davis, A.S. St. George’s School, Roundhay, near Leeds. 

*Davis, Alfred. 37 Ladbroke-grove, W. 

tDavis, C. R. 8. National Bank-buildings, Johannesburg. 

*Davis, John Henry Grant. The Hawthorns, Sutton-road, Walsall. 

§Davis, Luther. P.O. Box 898, Johannesburg. 

*Davis, Rev. Rudolf. 4 Alexandra-terrace, Gloucester. 

{Davy, Mrs. Alice Burtt. P.O. Box 434, Pretoria. 

{Davy, Joseph Burtt, F.B.G.S., F.L.S. P.O. Box 434, Pretoria. 

{Dawetns, W. Boyp, D.Sc., F.RB.S., F.S.A., F.G.S. (Pres. C, 1888 ; 
Council, 1882-88.) Fallowfield House, Fallowfield, Man- 
chester. 

*Dawson, Lieut.-Colonel H. P., R.A. Hartlington Hall, Burnsall, 
Skipton-in-Craven. 

*Dawson, P. The Acre, Maryhill, Glasgow. 

tDawson, Mrs. The Acre, Maryhill, Glasgow. 

tDawson, SamuEL. (Local Sec. 1884.) 258 University-street, 
Montreal, Canada. 

§Dawson, William Clarke. 16 Parliament-strect, Hull. 

*Dawson, Captain W. G. 31 King’s-gardens, West End-lane, N.W. 

§Day, Miss M. Edith. 290 Portage-avenue, Winnipeg, Canada. 

tDeacon, M. Whittington House, near Chesterfield. 

§Dean, George, F.R.G.S. 5 Wordsworth-mansions, Queen’s Club- 
gardens, W. 

*Deasy, Captain H. H. P. 24 Evelyn-gardens, S.W. 

*Debenham, Frank, F'.8.S. 1 Fitzjohn’s-avenue, N.W. 

{Desus, Hernricu, Ph.D., F.R.S., F.C.S. (Pres. B, 1869 ; Council, 
1870-75.) 4 Schlangenweg, Cassel, Hessen. 

*Deeley, R. M. Melbourne House, Osmaston-road, Derby. 

t{Detany, Very Rev. Witt1am, LL.D. University College, Dublin. 

*Delf, Miss E. M. Westfield College, Hampstead, N.W. 

{De Lisle, Mrs. Edwin. Charnwood Lodge, Coalville, Leicestershire. 

{Dempster, John. Tynron, Noctorum, Birkenhead. 

{Dendy, Arthur, D.Sc., F.RB.S., F,L.S., Professor of Zoology in 
King’s College, London, W.C. 

{Dennehy, W. F. 23 Leeson-park, Dublin. 

§Denny, Atrrep, F.L.S., Professor of Biology in the University of 
Sheffield. 

tDenny, G. A. 603-4 Consolidated-buildings, Fox-street, Johannes- 


burg. 

§Dent, Edward, M.A. 2 Carlos-place, W. 

*Derham, Walter, M.A., LL.M., F.G.8. Junior Carlton Club, 
Pall Mall, 5. W. 

*Desch, Cecil H., D.Sc., Ph.D. 93 Mount Pleasant-road, South 
Tottenham, N. 

§Despard, Miss Kathleen M. 6 Sutton Court-mansions, Grove Park- 
terrace, Chiswick. 

*Deverell, F. H. 7 Grote’s-place, Blackheath, 8.E. 

{Devereux, Rev. F. R. Price. Drachenfeld, Tenison-avenue, Cambridge. 

*Derwar, Sir JaMzs, M.A., LL.D., D.Sc., F.B.S., F.R.S.E., V.P.CS., 
Fullerian Professor of Chemistry in the Royal Institution, 
London, and Jacksonian Professor of Natural and Experi- 
mental Philosophy in the University of Cambridge. (PREsT- 
pENnT, 1902; Pres. B, 1879 ; Council, 1883-88.) 1 Scrcope- 
terrace, Cambridge. 
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Year of 
Election. 


1881. 
1884. 
1905. 
1901. 


1908. 


1904. 
1881. 
1887. 
1902. 
1862. 


1877. 
1908. 
1901. 
1900. 


1898. 


1905. 
1899. 


1874. 
1900. 


1905. 
1908. 
1888. 
1908. 
1900. 
1879. 


1902. 
1908. 


1907. 
1902. 
1896. 
1890. 


1885. 
1860. 


1902. 
1905. 


1908. 
1876. 
1905. 
1889. 
1904. 
1896. 


{Dewar, Lady. 1 Scroope-terrace, Cambridge, 

*Dewar, William, M.A. Horton House, Rugby. 

{Dewhirst, Miss May. Pembroke House, Oxford-road, Colchester... 

{Dick, George Handasyde. 31 Hamilton-drive, Hillhead, Glasgow. 

§Dicks, Henry. Haslecourt, Horsell, Woking. 

{Dickson, Charles Scott, K.C., LL.D. Carlton Club, Pall 
Mall, S.W. 

{Dickson, Edmund, M.A., F.G.S. Claughton House, Garstang, 
R.8.0., Lancashire. 

§Dioxson, H. N., D.Se., F.R.S.E., F.R.G.8S. The Lawn, Upper 
Redlands-road, Reading. 

{Dickson, James D. Hamilton, M.A., F.R.S.E. 6 Cranmer-road, 
Cambridge. 

*Ditke, The Right Hon. Sir CaartEs WENTWoRTH, Bart., M.P., 
F.R.G.S. 76 Sloane-street, S.W. 

tDillon, James, M.Inst.C.E. 36 Dawson-street, Dublin. 

{Dines, J. 8S. 4 Larkfield-road, Richmond, Surrey. 

§Dines, W. H., F.R.S. Pyrton Hill, Watlington. 

§Drvers, Dr. Epwarp, F.R.S. (Pres. B, 1902.) 3 Canning-placc, 
Palace Gate, W. 

*Dix, John William 8. Hampton Lodge, Durdham Down, Clifton, 
Bristol. 

§Dixey, F. A., M.A., M.D. Wadham College, Oxford. 

*Drxon, A. C., D.Sc., F.R.S., Professor of Mathematics in Queen’s 
College, Belfast. Hurstwood, Malone Park, Belfast. 

*Drxon, A. E., M.D., Professor of Chemistry in Queen’s College, 
Cork. 

{Dixon, A. Francis, Sc.D., Professor of Anatomy in the University 
of Dublin. 

{Dixon, Miss E. K. Fern Bank, St. Bees, 8.0. 

{Dixon, Edward K., M.E., M.Inst.C.E. Castlebar, Co. Mayo. 

tDixon, Edward T. Racketts, Hythe, Hampshire. 

*Drxon, Ernest, F.G.S. The Museum, Jermyn-street, 8. W. 

*Dixon, Major George, M.A. St. Bees, Cumberland. 

*Dixon, Haron B., M.A., F.R.S., F.C.S. (Pres. B, 1894), Professor 
of Chemistry in the Victoria University, Manchester. 
{Dixon, Henry H., D.Sc., F.R.S., Professor of Botany in the 
University of Dublin. Clevedon, Temple-road, Dublin. 
*Dixon, Walter, F.R.M.S. Derwent, 30 Kelvinside-gardens, 
Glasgow. -~ 

*Dixon, Professor Walter E. The Museums, Cambridge. 

{Dixon, W. V. Scotch Quarter, Carrickfergus. 

§Dixon-Nuttall, F. R. Ingleholme, Eccleston Park, Prescot. 

{Dobbie, James J., D.Sc., LL.D., F.R.S., Principal of the Govern- 
ment Laboratories. 13 Clement’s Inn-passage, W.C. 

§Dobbin, Leonard, Ph.D. The University, Edinburgh. 

*Dobbs, Archibald Edward, M.A. Castle Dobbs, Carrickfergus, 
Co. Antrim. 

tDobbs, F. W. 2 Willowbrook, Eton, Windsor. 

tDobson, Professor J. H. Transvaal Technical Institute, Johannes. 
burg. 

{Dopp, Hon. Mr. Justice. 26 Fitzwilliam-square, Dublin. 

tDodds, J. M. St. Peter’s College, Cambridge. 

{Dodds, Dr. W. J. Valkenberg, Mowbray, Cape Colony. 

tDodson, George, B.A. Downing College, Cambridge. 

{Doneaster, Leonard, M.A. The University, Birmingham. 

Donnan, F, KE. Ardenmore-terrace, Holywood, Ireland. 
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Year of 
Election. 


1901. 


1905. 
1905. 
1905. 


1905. 


1863. 
1909. 
1909. 
1905. 
1884. 
1903. 
1884. 
1865. 
1881. 


1883. 
1892. 
1905. 


1906. 
1906. 
1908. 
1893. 


1909. 


1905. 
1905. 
1907. 
1892. 
1856. 


1870. 
1900. 
1895. 
1906. 


1904. 
1890. 
1909. 
1891. 
1896. 


1876. 
1884. 


1893. 
1891. 
1885. 


1905, 


+Donnan, F. G., M.A., Ph.D., Professor of Physical Chemistry. 
The University, Liverpool. 

{Donnan, H. Allandale, Claremont, Cape Colony. 

+Donner, Arthur. Helsingfors, Finland. 

§Donovan, Surgeon-General William, C.B. Army Headquarters, 
Pretoria. 

§Dornan, Rev. S. 8. P.O. Box 510, Bulawayo, South Rhodesia, 

South Africa. 

*Doughty, Charles Montagu. 26 Grange-road, Eastbourne. 

§Douglas, A. J., M.D. City Health Deparjment, Winnipeg, Canada. 

*Douglas, James. 99 John-street, New York, U.S.A. 

{Douglas-McMillan, Mrs. A. 31 Ford-street, Jeppestown, Transvaal. 

tDove, Miss Frances. Wycombe Abbey School, Buckinghamshire. 

{Dow, Miss Agnes R. 81 Park-mansions, Knightsbridge, S.W. 

*Dowling, D. J. Sycamore, Clive-avenue, Hastings. 

*Dowson, E. Theodore, F.R.M.S. Geldeston, near Beccles, Suffolk. 

*Dowson, J. Emerson, M.Inst.C.E. 11 Embankment-gardens, 
Chelsea, 8. W. 

{Draper, William. De Grey House, St. Leonard’s, York. 

*Dreghorn, David, J.P. Greenwood, Pollokshields, Glasgow. 

{Drew, H. W., M.B., M.R.C.S. Mocollup Castle, Ballyduff, 8.0., 
Co. Waterford. 

*Drew, Joseph Webster, M.A., LL.M. Fashoda, Scarborough. 

*Drew, Mrs. Fashoda, Scarborough. 

§Droop, J. P. 11 Cleveland-gardens, Hyde Park, W. 

§Druce, G. Crarmpesr, M.A., F.L.S. (Local Sec. 1894.) Yardley 
Lodge, 9 Crick-road, Oxford. 

*Drugman, Julien, Ph.D., M.Sc. Maison Négrin, La Bocca, Cannes, 
France. 

{Drury, H. P.O. Box 2305, Johannesburg. 

tDrury, Mrs. H. P.O. Box 2305, Johannesburg. 

§Drysdale, Charles V. Northampton Institute, Clerkenwell, E.C. 

+Du Bois, Professor Dr. H. Herwarthstrasse 4, Berlin, N.W. 

*Ducir, The Right Hon. Henry Joun Reynotps Moreton, Earl 
of, F.B.S., F.G.S. 16 Portman-square, W. 

{Duckworth, Henry, F.L.S., F.G.S. 7 Grey Friars, Chester. 

*Duckworth, W. L. H., M.D., Se.D. Jesus College, Cambridge. 

*Duddell, William, F.R.S. 47 Hans-place, 8.W. 
{Dudgeon, - Gerald C., Superintendent of Agriculture for British 
West Africa. Bathurst, Gambia, British West Africa. 
*Duffield, W. Geoffrey. Physical Laboratory, The University, 
Manchester. 

{Dufton, 8. F. Trinity College, Cambridge. 

§Duncan, D. M., M.A. 83 Spence-street, Winnipeg, Canada. 

*Duncan, Sir John, J.P. ‘South Wales Daily News’ Office, Cardiff. 

*DUNKERLEY, STANLEY, D.Sc., M.Inst.C.E., Professor of Engineering 
in the Victoria University, Manchester. 

{Dunnachie, James. 48 West Regent-street, Glasgow. 

{Dunnington, Professor F. P. University of Virginia, Charlottes- 
ville, Virginia, U.S.A. 

*Dunstan, M. J. R., Principal of the South-Eastern Agricultural 
College, Wye, Kent. 

+Dunstan, Mrs. South-Eastern Agricultural College, Wye, Kent. 

*Dunstan, Professor WynpuaM, M.A., LL.D., F.R.S., V.P.CS. 
(Pres. B, 1906 ; Council, 1905-08), Director of the Imperial 
Institute, S.W. 

§Dutton, C. L. O’Brien, High Commissioner’s Office, Johannesburg. 


28 


Year of 
Election 


1895. 
1885. 


1895. 
1905. 


1905. 
1899. 


1909. 
1871. 


1893. 
1906. 
1909. 
1903. 
1908. 
1870. 
1858. 
1884. 
1887. 


1870. 
1883. 
1888. 
1884. 


1901. 
1899. 
1903. 


1903. 
1903. 


1901. 
1909. 
1909. 
1907. 
1890. 
1901. 
1904. 
1904. 
1904. 
1891. 


1905. 
1883. 


BRITISH ASSOCIATION. 


*Dwrrryuouse, Artuur R., D.Sc., F.G.S. Deraness, Deramore 
Park, Belfast. 

*Dyer, Henry, M.A., D.Sc. 8 Highburgh-terrace, Dowanhill, 
Glasgow. 

§Dymond, Thomas §., F.C.S. Savile Club, Piccadilly, W. 

*Dyson, F. W., M.A., F.R.S. (Council, 1905- _), Astronomer Royal 
for Scotland and Professor of Practical Astronomy in the 
University of Edinburgh. 


{Earp, E. J. P.O. Box 538, Cape Town. 

fast, W. H. Municipal School of Art, Science, and Technology, 
Dover. 

*Easterbrook, C. C., M.A., M.D. Crichton Royal Institution, 
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§Haslam, Lewis. 44 Evelyn-gardens, S.W. 

*Hastie, Miss J. A. Care of Messrs. Street & Co., 30 Cornhill, E.C. 

§Hastie, William. 20 Elswick-row, Newcastle-on-Tyne. 

tHastines, G. 15 Oak-lane, Bradford, Yorkshire. 

*Hastines, G. W. (Pres. F, 1880.) Chapel House, Chipping Norton. 

{ Hastings, W.G. W. 2 Halsey-street, Cadogan-gardens, S.W. 

{Harcu, F. H., Ph.D., F.G.S. Cowley Place, Cowley, Middlesex. 

{Hathaway, Herbert G. 45 High-street, Bridgnorth, Salop. 

*Haughton, W. T. H. The Highlands, Great Barford, St. Neots. 

§Havelock, T. H. St. John’s College, Cambridge. 

tHavilland, Hugh de. Eton College, Windsor. 

*Hawkins, William. Earlston House, Broughton Park, Manchester. 

*Hawkshaw, Henry Paul. 58 Jermyn-street, St. James’s, S.W. 

*HawKsuaw, JOHN Cxiarce, M.A., M.Inst.C.E., F.G.S. (Council, 
1881-87.) 22 Down-strect, W., and 33 Great George-strect, 
S.W. 

§Hawkstey, Cuarzes, M.Inst.C.E., F.G.S. (Pres. G, 1903 ; Council, 
1902-09.) Caxton House (West Block), Westminster, 8.W. 

*Haworth, Jesse. Woodside, Bowdon, Cheshire. 

*Hay, Admiral the Right Hon. Sir Joun C. D., Bart., G.C.B., 
D.C.L., F.R.S. 108 St. George’s-square, S.W. 

*HAYCRAFT, JOHN Brrry, M.D., B.Sc., F.R.S.E., Professor of 
Physiology in University College, Cardiff. 

§Hayden, H. H., B.A., F.G.S. Geological Survey, Calcutta, India. 

*Haydock, Arthur. 197 Preston New-road, Blackburn. 

{tHayward, Joseph William, M.Sc. 29 Deodar-road, Putney, S.W. 

*Haywood, Lieut.-Colonel A. G. Rearsby, Merrilocks-road, Blun- 
dellsands. 

*Hazelhurst, George 8. The Grange, Rockferry. 

§Heaman, J. A., B.Sc. Suite 20, Moxam-court, Winnipeg, Canada. 

{Heape, Joseph R. Glebe House, Rochdale. 

*Heape, Walter, M.A., F.R.S. Greyfriars, Southwold, Suffolk. 

§Heard, Mrs. Sophie, M.B., Ch.B. Care of Messrs. Davidson & 
Garden, 12 Dee-strect, Aberdeen. 

§Heath, J. St. George, B.A. Woodbrooke Settlement, Selly Oak, 
near Birmingham. 

tHeath, J. W. Royal Institution, Albemarle-street, W. 

§Heathcote, F.C. C. Broadway, Winnipeg, Canada. 

{Heathorn, Captain T. B., R.A. 10 Wilton-place, Knightsbridge, 
S.W 


{Heaton, Charles. Marlborough House, Hesketh Park, Southport. 

*Heaton, WitiiaM H., M.A. (Local Sec. 1893), Professor of Physics 
in University College, Nottingham. 

*Heaviside, Arthur West, I.S.0. 12 Tring-avenue, Ealing, W. 

*Heawood, Edward, M.A. Briarfield, Church-hill, Merstham, Surrey. 

*Heawood, Percy J., Lecturer in Mathematics in Durham Univer- 
sity. 41 Old Elvet, Durham. 

*Hxrpers, Kittryawortu, M.Inst.C.E. 10 Cranley-place, South 
Kensington, 8.W. 

*Heie-Soaw, H. S., LL.D., F.R.S., M.Inst.C.E. 64 Victoria- 
street, S.W. 

*HELLER, W. M., B.Sc. 40 Upper Sackville-street, Dublin. 

{Hellman, Hugo. Rand Club, Johannesburg. 

§Hembry, Frederick William, F.R.M.S. Langford, Sideup, Kent. 

tHemmy, Professor A. S., B.A., M.Se. Care of Dr. Davidson, 
Clavell House, Belvedere, Kent, 
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tHemsalech, G. A., D.Sc. The Owens College. Manchester. 

tHenderson, Rev. Andrew, LL.D. Castle Head, Paisley. 

*Henderson, Andrew. 17 Belhaven-terrace, Glasgow. 

*Henderson, Miss Catharine. 17 Belhaven-terrace, Glasgow. 

*Hunperson, G. G., D.Sc., M.A., F.1.C., Professor of Chemistry in 
the Glasgow and West of Scotland Technical College, Glasgow. 

§Henderson, Mrs. Technical College, Glasgow. 

§Henderson, H. F. Felday, Morland-avenue, Leicester. 

+Henderson, J. B., D.Sc., Professor of Applied Mechanics in the 
Royal Navai College, Greenwich, 8.E. 

§Henderson, Veylien E. Medical Building, The University, Toronto, 
Canada. 

§Henderson, W. G. Louise Bridge, Winnipeg, Canada. 

*Henderson, Vice-Admiral W. H., R.N. 12 Vicarage-gardens, 
Campden Hill, W. 

*Hendrick, James. Marischal College, Aberdeen. 

*Henrict, Oraus M. F. E., Ph.D., F.B.S. (Pres. A, 1883 ; Council, 
1883-89), Professor of Mechanics and Mathematics in the City 
and Guilds of London Institute, Central Institution, Exhibi- 
tion-road, S.W. 34 Clarendon-road, Notting Hill, W. 

tHenry, Dr. T. A. Imperial Institute, S.W. 

*Henshall, Robert. Sunnyside, Latchford, Warrington. 

{Heprvurn, Davin, M.D., F.R.S.E., Professor of Anatomy in Univer- 
sity College, Cardiff. 

§Hepworth, Commander M. W. C., C.B., R.N.R. Meteorological 
Office, Victoria-street, S.W. 

*Herpertson, A. J., M.A., Ph.D., Reader in Geography in the 
University of Oxford. 48 Banbury-road, Oxford. 

§Herbertson, William. 313 Graham-avenue, Winnipeg, Canada. 

tHerdman, G. W., B.Sc., Assoc.M.Inst.C.E. Irrigation and Water 
Supply Department, Pretoria. 

*HerpMan, Witu1aM A., D.Sc., F.R.S:, F.R.S.E., F.L.S. (GenzRa 
Srorrerary, 1903- ; Pres. D, 1895; Council, 1894-1900 ; 
Local Sec. 1896), Professor of Natural History in the University 
of Liverpool. Croxteth Lodge, Sefton Park, Liverpool. 

*Herdman, Mrs. Croxteth Lodge, Sefton Park, Liverpool. 

§Herdt, Professor L. A. McGill University, Montreal, Canada. 

{Hererorp, The Right Rev, Joun Prrctvat, D.D:, LL.D., Lord 
Bishop of. (Pres. L, 1904.) The Palace, Hereford. 

*Herring, Dr. Percy T. The University, St. Andrews, N.B. 

§Herscurt, Colonel Joun, R.E., F.R.S., F.R.A.S. Observatory 
House, Slough, Bucks. 

*Herschel, Rev. J. C. W. Wooburn Green, Bucks. 

tHervey, Miss Mary F. S. 22 Morpeth-mansions, 8.W. 

*Hesketu, CHARLES H. Frertwoop, M.A. The Rookery, North 
Meols, Southport. 

§Hesketh, James. 5 Scarisbrick Avenue, Southport. 

{Hewat, M.L., M.D. Mowbray, near Cape Town, South Africa. 

{Hrwertson, G. H. (Local Sec. 1896.) 39 Henley-road, Ipswich. 

{Hewins, W. A. S., M.A., F.S.S. 15 Chartfield-avenue, Putney 
Hill, S.W. 

§Hewitt, Dr. C. Gordon. Central Experimental Farm, Ottawa. 

§Hewitt, David Basil, M.D. Oakleigh, Northwich, Cheshire. 

tHewitt, E.G. W. 87 Princess-road, Moss Side, Manchester. 

§Hewitt, F. W., M.V.O., M.D. 14 Queen Anne-street, W. 

tHewitt, John Theodore, M.A,, D,Sc., Ph.D. 7 The Avenue, Sur- 
biton, Surrey, 
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1907. 


1903. 
1903. 


1870. 


1883. 
1898. 


1900. 


1903. 


1899. 
1887. 
1883. 
1904. 


1907. 


1877. 
1887. 


1880. 


§Hewitt, W., B.Se. 16 Clarence-road, Birkenhead. 

*Hryoock, CHARLES T., M.A., F.B.S. 3 St. Peter’s-terrace, Cam- 
bridge. 

{Heyes, Rev. John Frederick, M.A., F.R.G.S. St. Barnabas 
Vicarage, Bolton. 

*Heymann, Albert. West Bridgford, Nottinghamshire. 

*Heys, Z. John. Stonehouse, Barrhead, N.B. 

{Heywoop, Henry, J.P. Witla Court, near Cardiff. 

{Hicks, Henry B. 44 Pembroke-road, Clifton, Bristol. 

§Hicks, W. M., M.A., D.Sc., F.R.S. (Vice-Pres. 1910; Pres. A, 
1895), Professor of Physics in the University of Sheffield. 
Leamhurst, Ivy Park-road, Sheffield. 

{Hicks, Mrs. W. M. Leamhurst, Ivy Park-road, Sheffield. | 

*Hickson, Sypnry J., M.A., D.Sc., F.R.S. (Pres. D, 1908), Pro- 
fessor of Zoology in Victoria University, Manchestér. 

*Hrern, W. P., M.A., F.R.S. The Castle, Barnstaple. 

{tHieas, Henry, C.B., LL.B., F.S.S. (Pres. F, 1899; Council, 
1904-06.) H.M. Treasury, Whitehall, S.W. 

§Higman, Ormond. Electrical Standards Laboratory, Ottawa. 

{Hitey, E. V. (Local Sec. 1907.) Town Hall, Birmingham. 

*Hitt, ALEXANDER, M.A., M.D. Downing College, Cambridge. 

*Hitt, ArtHur W., M.A., F.L.S. Royal Gardens, Kew. 

§Hill, Charles A.. M.A., M.B. 13 Rodney-street, Liverpool. 

*Hitn, Rev. Epwiy, M.A. The Rectory, Cockfield, Bury St. 
Edmunds. 

§Hill, James P., D.Sc., Professor of Zoology in University College, 
Gower-street, W.C. 

{Hiz, M. J. M., M.A., D.Sc., F.R.S., Professor of Pure Mathematics 
in University College, W.C. 

*Hill, Thomas Sidney. 80 Harvard-court, West End-lane, N.W. 

*HitiHouse, Witi1AM, M.A., F.L.S., Professor of Botany in the 
University of Birmingham. 43 Calthorpe-road, Edgbaston, 
Birmingham. 

*Hitts, Major E. H., C.M.G., R.E., F.R.G.S. (Pres. E,,1908.) 

32 Prince’s-gardens, §.W. 

*Hilton, Harold. 73:Platt’s-lane, Hampstead, N.W. 

*Hinp, WHEeEttron, M.D., F.G.S. Roxeth House, Stoke-on-Trent. 

{Hinpg, G. J., Ph.D., F.R.S., F.G.S. Ivythorn, Avondale-road, 
South Croydon, Surrey. 

*Hindle, James Henry. 8 Cobham-street, Accrington. 

§Hinds, Henry. 57 Queen-strect, Ramsgate. 

§Hinks, Arthur R., M.A. The Observatory, Cambridge. 

*Hinmers, Edward. Glentwood, South Downs-drive, Hale, 
Cheshire. 

+Hobday, Henry. Hazelwood, Crabble Hill, Dover. 

*Hobson, Bernard, M.Sc., F.G.S. Tapton Elms, Sheffield. 

{Hobson, Mrs. Carey. 5 Beaumont-crescent, West Kensington, W. 

§Hobson, Ernest William, Sc.D., F.R.S. The Gables, Mount 
Pleasant, Cambridge. 

tHobson, Mrs. Mary. 6 Hopefield-avenue, Belfast. 

{tHodge, Rev. John Mackey, M.A. 38 Tavistock-place, Plymouth. 

*Hodgkinson, Alexander, M.B., B.Sc., Lecturer on Laryngology 
in the Victoria University, Manchester. 18 St. John-street, 
Manchester. 

Hodgkinson, W. R. Eaton, Ph.D., F'.R.S.E., F.G.S., Professor of 
Chemistry and Physics in the Royal Artillery College, Wool- 
wich, 18 Glenluce-road, Blackheath, S.E. 
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1904. 


1894. 
1908. 
1907. 


1883. 
1887. 
1900. 


1887. 
1904. 
1903. 
1896. 
1898. 


1889. 
1906. 
1905. 


1883. 
1866. 
1882. 
1903. 
1875. 
1904. 
1847. 


1892. 
1908. 
1865. 
1877. 
1904. 
1905. 


1901. 


1884. 


1882. 
1871. 


1905. 
1898. 
1885. 


1903. 


{Hodgson, Ven. Archdeacon R. The Rectory, Wolverhampton. 

§Hodgson, R. T., M.A. Collegiate Institute, Brandon, Manitoba, 
Canada. 

tHodgson, T. V. Municipal Museum and Art Gallery, Plymouth. 

§Hodson, F. Bedale’s School, Petersfield, Hampshire. 

tHoaarrs, D. G., M.A. (Pres. H, 1907 ; Council, 1907- .) Chapel 
Meadow, Forest Row, Sussex. 

tHogg, A. F., M.A. 13 Victoria-road, Darlington. 

tHogg, Right Hon. Jonathan. Stratford, Rathgar, Co. Dublin. 

tHolden, Colonel H. C. L., R.A., F.R.S. Gifford House, Black- 

heath, 8.E. 

{Holden, John J. 73 Albert-road, Southport. 

*Holder, Henry William, M.A. Beechmount, Arnside. 

{Ho xpicu, Colonel Sir Taomas H., R.E., K.C.B., K.C.LE., F.R.G.S. 
(Pres. E, 1902.) 41 Courtfield-road, S.W. 

*Holdsworth, C. J. Fernhill, Alderley Edge, Cheshire. 

§Holland, Charles E. 9 Downing-place, Cambridge. 

§Holland, J. L., B.A. 3 Primrose-hill, Northampton. 

tHolland, Mrs. Lowfields House, Hooton, Cheshire. 

{Holland, Sir Thomas H., K.C.1.E., F.R.S., F.G.S. The University, 
Manchester. 

{Hollainder, Bernard, M.D. 35a Welbeck-street, W. 

*Hollingworth, Miss. Leithen, Newnham-road, Bedford. 

{Hollway, H. C. Schunke. Plaisir de Merle, P.O. Simondium, wd 
Paarl, South Africa. 

*Holmes, Mrs. Basil. 23 Corfton-road, Ealing, Middlesex, W. 

*Holmes, Charles. 36 Buckingham-mansions, West End-lane, N.W. 

*Hotmes, THoMAS VINCENT, F.G.S. 28 Croom’s-hill, Greenwich, 8. E. 

*Hoir, ALFRED, jun. Crofton, Aigburth, Liverpool. 

*Hood, John. Chesterton, Cirencester. 

§Hooke, Rev. D. Burford. Bonchurch Lodge, Barnet. 

{Hooxer, Sir JosrrH Datrton, G.C.S.1., C.B., M.D., D.C.L., LL.D., 
E.R.S., F.L.S., F.G.S., F.R.G.S. (Prusmprent, 1868 ; Pres. 
E, 1881; Council, 1866-67.) The Camp, Sunningdale, 
Berkshire. 

tHooxer, Rearatp H., M.A. 3 Clement’s Inn, W.C. 

*Hooper, Frank Henry. Clare College, Cambridge. 

*Hooper, John P. Deepdene, Streatham Common, S.W. 

*Hooper, Rev. Samuel F., M.A. Lydlinch Rectory, Sturminster 
Newton, Dorset. 

{Hopewell-Smith, A., M.R.C.S. 37 Park-street, Grosvenor-square, 
S.W 


*Hopkins, Charles Hadley. Junior Constitutional Club, 101 Picca- 
dilly, W. 


*Hopkinson, Bertram, M.A., F.R.S.E., Professor of Mechanism and 
Applied Mechanics in the University of Cambridge. Adams- 
road, Cambridge. 

*HopkKInson, Cuar.es, (Local Sec. 1887.) The Limes, Didsbury, 
near Manchester. 

*Hopkinson, Edward, M.A., D.Sc. Ferns, Alderley Edge, Cheshire. 

*Hopxmyson, Jonny, Assoc.Inst.C.E., F.LS., F.G.8., F.R.Met.Soc. 
84 New Bond-street, W.; and Weetwood, Watford. 

tHopkinson, Mrs. John. Holmwood, Wimbledon Common, S.W. 

*Hornby, R., M.A. Haileybury College, Hertford. 

tHornr, Joun, LL.D., F.R.S., F.RS.E., F.G.S. (Pres. C, 1901. 
Geological Survey Office, Sheriff Court-buildings, Edinburgh. 

*Horne, William, F.G.8. Leyburn, Yorkshire, L 
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1902. 
1905. 


1887. 
1893. 


1908. 
1884. 
1899. 
1906. 
1859. 
1896. 


1905. 
1905. 
1908. 
1883. 


1904. 


1887. 
1901. 
1903. 
1907. 


1905. 
1901. 
1863. 


1887. 


1903. 
1898. 
1867. 
1858. 


1871. 
1868. 


1867. 


1903. 
1905. 
1901. 
1904. 


1907. 
1877. 
1891. 
1881, 
1889. 
1909. 
1901. 
1903. 


BRITISH ASSOCIATION. 


tHorner, John. Chelsea, Antrim-road, Belfast. 

*Horsburgh, E. M., M.A., B.Sc., Lecturer in Technical Mathematics 
in the University of Edinburgh. 

tHorsfall, T. C. Swanscoe Park, near Macclesfield. 

*HorsLey, Sir Vicror A. H., LL.D., B.Sc., F.R.S., F.R.C.S. 
(Council, 1893-98.) 25 Cavendish-square, W. 

§Horton, F. St. John’s College, Cambridge. 

*Hotblack, G. 8. Brundall, Norwich. 

tHotblack, J. T., F.G.S. 45 Newmarket-road, Norwich. 

*Hough, Miss Ethel M. Codsall Wood, near Wolverhampton. 

tHough, Joseph, M.A., F.R.A.S. Codsall Wood, Wolverhampton. 

*Hough, 8. S., M.A., F.B.S., F.R.A.S., His Majesty’s Astronomer at 

the Cape of Good Hope. Royal Observatory, Cape Town. 

§Houghting, A.G. L. Glenelg, Musgrave-road, Durban, Natal. 

{Houseman, C. L. P.O. Box 149, Johannesburg. 

tHouston, David, F.L.8. Royal College of Science, Dublin. 

*Hovenden, Frederick, F.L.S., F.G.S. Glenlea, Thurlow Park-road, 
West Dulwich, S.E. 

*Howard, Mrs. G. L. C. Agricultural Research Institute, Pusa, 
Bengal, India. 

*Howard, 8. 8. 58 Albemarle-road, Beckenham, Kent. 

§Howarth, E., F.R.A.S. Public Museum, Weston Park, Sheffield. 

*Howarth, James H., F.G.S. Somerley, Rawson-avenue, Halifax. 

{Howarru, O. J. R., M.A. (Assisranr Srecrerary.) 24 Lans- 
downe-crescent, W. 

tHowick, Dr. W. P.O. Box 503, Johannesburg. 

tHowie, Robert Y. 3 Greenlaw-avenue, Paisley. 

tHowortz#, Sir H. H., K.C.1.E., D.C.L., F.R.S., F.S.A. 30 Colling- 
ham-place, Cromwell-road, 8. W. 

§Hoytn, Witiiam E., M.A., D.Sc. (Pres. D, 1907.) National 
Museum of Wales, City Hall, Cardiff. 

tHiibner, Julius. Ash Villa, Cheadle Hulme, Cheshire. 

{Hudson, Mrs. Sunny Bank, Egerton, Huddersfield. 

*Hupson, Wituram H. H., M.A. 34 Birdhurst-road, Croydon. 

*Huaains, Sir Witi1am, K.C.B., D.C.L., LL.D., F.R.S., F.R.A.S. 
(PresipENT, 1891 ; Council, 1868-74, 1876-84.) 90 Upper 
Tulse-hill, S.W. 

*Hughes, George Pringle, J.P., F.R.G.S. Middleton Hall, Wooler, 
Northumberland. 

§Hucues, T. M‘K., M.A., F.R.S., F.G.S. (Council, 1879-86), Wood- 
wardian Professor of Geology in the University of Cambridge. 
Ravensworth, Brooklands-avenue, Cambridge. 

tHutt, Epwarp, M.A., LL.D., F.R.S., F.G.8. (Pres. C, 1874.) 
14 Stanley-gardens, Notting Hill, W. 

tHulton, Campbell G. Palace Hotel, Southport. 

§Hume, D. G. W. P.O. Box 1132, Johannesburg. 

{Hume, John H. Toronto, Canada ; and 63 Bridgegate, Irvine. 
*Humphreys, Alexander C., Sc.D., LL.D., President of the Stevens 
Institute of Technology, Hoboken, New Jersey, U.S.A. 

§Humphries, Albert E. Coxe’s Lock Mills, Weybridge. 

*Hount, Arraur Roope, M.A., F.G.S. Southwood, Torquay. 

*Hunt, Cecil Arthur, Southwood, Torquay. 

{Hunter, F. W. 16 Old Elvet, Durham. 

tHunter, Mrs. F. W. 16 Old Elvet, Durham. 

§Hunter, W. J. H. 31 Lynedoch-street, Glasgow. 

*Hunter, William. TEvirallan, Stirling. 

{Hurst, Charies C., F.L.8. Burbage, Hinckley. 
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1908. 


1876. 


1909. 
1883. 


1903. 
1833. 
1883. 
1874. 


1899. 
1897. 
1906. 
1898. 
1905. 
1905. 
1887. 


1905. 


*Hurst, William John. Drumaness, Ballynahinch, Co. Down, 
Treland. 

*Hurcurnson, A., M.A., Ph.D. (Local Sec. 1904.) Pembroke 
College, Cambridge. 

§Hutchinson, Rev. H. N. 17 St. John’s Wood Park, Finchley- 
road, N.W. 

Hutton, Crompton. Harescombe Grange, Stroud, Gloucester- 
shire. 

*Hutton, Darnton. 14 Cumberland-terrace, Regent’s Park, N.W. 

*Hutton, J. Arthur. The Woodlands, Alderley Edge, Cheshire. 

{Hutton, Lucius O. Wyckham, Dundrum, Co. Dublin. 

*Hutton, R.8., D.Sc. West-street, Sheffield. 

*Hyett, Francis A. Painswick House, Painswick, Stroud, Glouces- 
tershire. 

*Hyndman, H. H. Francis. 5 Warwick-road, Earl’s Court, $.W. 


{Tdle, George. 43 Dawson-street, Dublin. 

tIdris, T. H. W., M.P. 110 Pratt-street, Camden Town, N.W. 
Thne, William, Ph.D. Heidelberg. 

*Tles, George. 5 Brunswick-street, Montreal, Canada. 

tTliffe, J. W. Oak Tower, Upperthorpe, Sheffield. 

tim Thurn, Sir Everard F., C.B., K.C.M.G. Colombo, Ceylon. 

*Ince, Surgeon-Major John, M.D. Montague House, Swanley, Kent. 

§Ingham, Charles B. Moira House, Eastbourne. 

tIngham, W. Engineer’s Office, Sand River, Uitenhage. 

tIngle, Herbert. Department of Agriculture, Pretoria. 

tInauis, Joun, LL.D. 4 Prince’s-terrace, Dowanhill, Glasgow. 

§Innes, R. T. A., F.R.A.S. Meteorological Observatory, Johannes- 


burg. 

*Tonides, Stephen A. Georgetown, Colorado. 

§Irvine, Rev. A., B.A., D.Sc. Hockerill Vicarage, Bishop’s Stort- 
ford, Herts. 

tIrwin, Alderman John. 33 Rutland-square, Dublin. 


*Jack, WiturAM, LL.D., Professor of Mathematics in the University 
of Glasgow. 10 The University, Glasgow. 

§Jacks, Professor L. P. 28 Holywell, Oxford. 

*Jackson, Professor A. H., B.Sc. 349 Collins-street, Melbourne, 
Australia. 

tJackson, C.S. Royal Military Academy, Woolwich, S.E. 

*Jackson, F. J. 35 Leyland-road, Southport. 

tJackson, Mrs. I. J. 35 Leyland-road, Southport. 

*Jackson, Frederick Arthur. Belmont, Somenos, Vancouver Island, 
B.C., Canada. 

{Jackson, Geoffrey A. 31 Harrington-gardens, Kensington, S.W. 

§Jackson, James, F.R.Met.Soc. Seabank, Girvan, N.B. 

*Jackson, James Thomas, M.A. Engineering School, Trinity 
College, Dublin. 

*Jackson, Sir John. 51 Victoria-street, S.W. 

{Jacobsohn, Lewis B. Lloyd’s-buildings, 58 Burg-street, Cape Town. 

tJacobsohn, Sydney Samuel. Lloyd’s-buildings, 58 Burg-street, 
Cape Town. 

§Jacobson, Nathaniel, J.P. Olive Mount, Cheetham Hill-road, 
Manchester. 

*Jaffé, Arthur, B.A. Strandtown, Belfast. 
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1905. 
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1891. 
1891. 
1904. 
1905. 
1896. 


1881. 


1859. 
1889. 


1896. 
1903. 


1904, 


1897. 
1908. 
1909. 
1903. 
1904. 
1893. 
1905. 
1905. 
1887. 


1900. 
1907. 
1905. 


1905. 
1909. 


1884. 
1909. 
1865. 
1890. 
1902. 
1898. 


1899. 


1883. 


1909. 
1908. 
1884. 
1885. 


BRITISH ASSOCIATION, 


*Jaffé, John. Villa Jaffé, 38 Promenade des Anglais, Nice, 
France. 

{Jagger, J. W. St. George’s-street, Cape Town. 

{Jalland, W. H. Museum-street, York. 

*James, Charles Henry, J.P. 64 Park-place, Cardiff. 

*James, Charles Russell. 5 Raymond-buildings, Gray’s Inn, W.C. 

{James, Thomas Campbell. University College, Aberystwyth. 

{tJameson, Adam. Office of the Commissioner of Lands, Pretoria. 

*Jameson, H. Lyster, M.A., Ph.D. Transvaal Technical Institute, 
Johannesburg. 

tJamieson, Professor Andrew, M.Inst.C.E., F.R.S.E. 16 Rosslyn- 
terrace, Kelvinside. Glasgow. 

*Jamieson, Thomas F., LL.D., F.G.S. Ellon, Aberdeenshire. 

*Japp, F. R., M.A., Ph.D., LL.D., F.R.S. (Pres. B, 1898), Professor 
of Chemistry in the University of Aberdeen. 

*Jarmay, Gustav. Hartford Lodge, Hartford, Cheshire. 

tJarRatTT, J. Ernest (Local Sec. 1903). 10 Cambridge-road, 
Southport. 

*Jeans, J. H., M.A., F.R.S., Professor of Applied Mathematics in 
Princeton University, Princeton, New Jersey, U.S.A. 

jJefirey, E. C., B.A. The University, Toronto, Canada. 

*Jenkin, Arthur Pearse, F.R.Met.Soc. Trewirgic, Redruth. 

*Jenkins, Miss Emily Vaughan. Lyceum Club, 128 Piccadilly, W. 

tJenkinson, J. W. The Museum, Oxford. 

{tJenkinson, W. W. 6 Moorgate-street, E.C. 

§Jennings, G. E. Glen Helen, Narborough-road, Leicester, 

tJennings, Sydney. P.O. Box 149, Johannesburg. 

{Jerome, Charles. P.O. Box 83, Johannesburg. 

{Jervis-Smiru, Rev. F. J., M.A., F.R.S. Trinity College, Oxford. 

Jessop, William. Overton Hall, Ashover, Chesterfield. 

*Jevons, H. Stanley, M.A., B.Se. Woodhill, Rhiwbeina, near Cardiff. 

*Jevons, Miss H. W. 19 Chesterford-gardens, Hampstead, N.W. 

§Jeyes, Miss Gertrude, B.A. Berrymead, 6 Lichfield-road, Kew 
Gardens. 

tJobson, J. B. P.O. Box 3341, Johannesburg. 

*Johns, Cosmo, F'.G.8., M.I.M.E. Burngrove, Pitsmoor-road, 
Sheffield. 

tJonunson, ALEXANDER, M.A., LL.D. 5 Prince of Wales-terrace, 
Montreal, Canada. 

§Johnson, C. Kelsall, F.R.G.S. The Gien, Sidmouth, Devon. 

*Johnson, G. J. 36 Waterloo-street, Birmingham. 

*Jonnson, THomas, D.Sc., F.L.S., Professor of Botany in the Royal 
College of Science, Dublin. 

*Johnson, Rev. W., B.A., B.Sc. Archbishop Holgate’s Grammar 
School, York. 

*Johnson, W. Claude, M.Inst.C.E. Broadstone, Coleman’s Hatch, 
Sussex. 

tJounsron, Colonel Sir Duncan A., K.C.M.G., C.B., R.E., Hon. 
Sec. R.G.S. (Pres. E, 1909.) Branksome, Saffrons-road, 
Eastbourne. 

{tJounston, Sir H. H., G.C.M.G., K.C.B., F.R.G.S. 27 Chester- 
terrace, Regent’s Park, N.W. if 

§Johnston, J. Weir. 10 Lower Fitzwilliam-street, Dublin. 

jJohnston, Swift Paine. 1 Hume-street, Dublin. 

*Johnston, W. H. County Offices, Preston, Lancashire. 

see roel, H. J., M.D., F.G.S. Beaulieu, Alpes-Maritimes, 
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1887. 
1904. 
1890. 


1896. 
1903. 
1907. 
1887. 


1891. 
1883. 


1903. 
1905. 


1901. 
1902. 
1908. 
1860. 


1875. 
1872. 
1883. 
1886. 
1905. 
1870. 


1903. 
1894, 
1905. 


1388. 


1904. 
1892. 


1908. 
1878. 
1884. 
1908. 
1908. 


1902. 
1885. 


1877. 
1887, 


§Jolly, W. A., M.B. Physiological Laboratory, The University, 
Edinburgh. 

tJoty, Joun, M.A., D.Sc., F.R.S., F.G.S. (Pres. C, 1908), Professor 
of Geology and Mineralogy in the University of Dublin. 
Geological Department, Trinity College, Dublin. 

jJones, D. E., B.Sc. Inglewood, Four Oaks, Sutton Coldfield. 

§Jones, Miss E. E. Constance. Girton College, Cambridge. 

§Jonrs, Rev. Epwarp, F.G.S. Primrose Cottage, Embsay, 
Skipton. 

jJones, E. Taylor, D.Sc. University College, Bangor. 

§Jones, Evan. Ty-Mawr, Aberdare. 

*Jones, Mrs. Evan. 12 Hyde Park-gate, S.W. 

tJones, Francis, F.R.S.E., F.C.S. Beaufort House, Alexandra 
Park, Manchester. 

*Jonus, Rev. G. HartweE.t, M.A. Nutfield Rectory, Redhill, Surrey. 

*Jones, George Oliver, M.A. Inchyra House, 21 Cambridge-road, 
Waterloo, Liverpool. 

*Jones, H. O., M.A. Clare College, Cambridge. 

fJones, Miss Parnell. The Rectory, Llanddewi Skirrid, Aberga- 
venny, Monmouthshire. 

{Jones, R. E., J.P. Oakley Grange, Shrewsbury. 

tJones, R. M., M.A. Royal Academical Institution, Belfast. 

jJones, R. Pugh, M.A. County School, Holyhead, Anglesey. 

jJonzes, THomas Rupert, F.R.S., F.G.S. (Pres. C, 1891.) Pen- 
bryn, Chesham Bois-lane, Chesham, Bucks. 

*Jose, J. E. LEthersall, Tarbock-road, Huyton, Lancashire. 

tJoy, Algernon. Junior United Service Club, St. James’s, S.W. 

tJoyce, Rev. A. G., B.A. St. John’s Croft, Winchester. 

{Joyce, Hon. Mrs. St. John’s Croft, Winchester. 

tJudd, Miss Hilda M., B.Sc. Berrymead, 6 Lichfield-road, Kew. 

tJupp, Joun WESLEY, C.B., LL.D., F.R.S., F.G.S. (Pres. C, 1885 ; 
Council, 1886-92.) Orford Lodge, 30 Cumberland-road, 
Kew. 

§JuLIaAN, Henry Forsus. Redholme, Braddon’s Hill-road, Torquay. 

§Julian, Mrs. Forbes. Redholme, Braddon’s Hill-road, Torquay. 

§Juritz, C. F., M.A., D.Sc, FIC. Government Analytical 
Laboratory, Parliament-street, Cape Town. 


{Kapp, Gisbert, M.Inst.C.E., M.Inst.E.E, Pen-y-Coed, Pritchatts- 
road, Birmingham. 

tKayser, Professor H. The University, Bonn, Germany. 

{Keanz, Cuartes A., Ph.D. Sir John Cass Technical Institute, 
Jewry-street, Aldgate, E.C. 

§Keeble, Frederick, Sc.D. University College, Reading. 

*Kelland, W. H. 27 Canterbury-road, Brixton, S.W. 

{Kellogg, J. H., M.D. Battle Creek, Michigan, U.S.A. 

§Kelly, Malachy. Ard Brugh, Dalkey, Co. Dublin. 

{Kelly, Captain Vincent Joseph. Montrose, Donnybrook, Co. 
Dublin. 

*Kelly, William J., J.P. 25 Oxford-street, Belfast. 

§Kettiz, J. Scorr, LL.D., Sec. R.G.S., F.S.8. (Pres. E, 1897 ; 
Council, 1898-1904.) 1 Savile-row, W. 

*Kelvin, Lady. Netherhall, Largs, Ayrshire ; and 15 Eaton-place, 
8.W 


{Kemp, Harry. 55 Wilbraham-road, Chorlton-cum-Hardy, Man- 
chester, CO SPIN 
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Election. 


1898. 
1884. 
1891. 


1875. 
1906. 
1897. 


1906. 
1908. 
1905. 
1893. 


1901. 
1857. 
1909. 
1892. 


1889. 
1869. 


1859. 


1903. 
1883. 
1905. 


1902. 
1906. 
1886. 


1901. 
1885. 
1896. 


1890. 
1875. 


1872. 
1888. 
1875. 
1871. 
1883. 
1883. 
1908. 


1860. 
1875. 
1870. 
1909. 
1903. 


1800. 
1889, 


*Kemp, John T., M.A. 4 Cotham-grove, Bristol. 

tKemper, Andrew C., A.M., M.D. 101 Broadway, Cincinnati, U.S.A. 

{Kenpatt, Percy F., M.Sc., F.G.8., Professor of Geology in the 
University of Leeds. 

{Kennepy, Sir ALteExanprER B. W., LL.D., F.R.S., M.Inst.C.E. 
(Pres. G, 1894.) 1 Queen Anne-street, Cavendish-square, W. 

tKennedy, Alfred Joseph, F.R.G.S. Care of Williams Deacon’s 
Bank, Ltd., 2 Cockspur-street, S.W. 

§Kennedy, George, M.A., LL.D., K.C. Crown Lands Department, 
Toronto, Canada. 

{tKennedy, Robert Sinclair. Glengall Ironworks, Millwall, E. 

{Kennedy, William. 40 Trinity College, Dublin. 

*Kennerley, W. R. P.O. Box 158, Pretoria. 

§Kenrt, A. F, Stantey, M.A., F.LS., F.G.S., Professor of Physiology 
in University College, Bristol. 

tKent, G. 16 Premier-road, Nottingham. 

*Ker, André Allen Murray. Newbliss House, Newbliss, Ireland. 

§Kerr, Hugh L. 68 Admiral-road, Toronto, Canada. 

{Kerr, J. Granam, M.A., Professor of Natural History in the 
Uniyersity, Glasgow. 

tKerry, W. H. R. The Sycamores, Windermere. 

*Kesselmeyer, Charles Augustus. Roseville, Vale-road, Bowdon, 
Cheshire. 

*Kesselmeyer, William Johannes. Edelweiss Villa, Albert-road, 
Hale, Cheshire. 

{Kewley, James. Balek Papan, Koltei, Dutch Borneo. 

*Keynes, J. N., M.A., D.Sc., F.S.8. 6 Harvey-road, Cambridge. 

{Kidd, Professor A. Stanley. Rhodes University College, Grahams- 
town, Cape Colony. 

tKidd, George. Greenhaven, Malone Park, Belfast. 

{Kidner, Henry, F.G.S. 78 Gladstone-road, Watford. 

§Krpston, Ropert, LL.D., F.R.S., F.R.S.E., F.G.S. 12 Clarendon- 
place, Stirling. 

*Kiep, J. N. 4 Hughenden-terrace, Kelvinside, Glasgow. 

*Kilgour, Alexander. Loirston House, Cove, near Aberdeen. 

*Killey, George Deane, J.P. Bentuther, 11 Victoria-road, Waterloo, 
Liverpool. 

{Kuomius, C. W., M.A., D.Sc. Dame Armstrong House, Harrow. 

*Kincu, Epwarp, F.LC., Professor of Chemistry in the Royal 
Agricultural College, Cirencester. 

*King, Mrs. H. M. Melrose, Alachua, Co. Florida, U.S.A. 

*King, E. Powell. Wainsford, Lymington, Hants. 

*King, F. Ambrose. Avonside, Clifton, Bristol. 

*King, Rev. Herbert Poole. The Rectory, Stourton, Bath. 

*King, John Godwin. Stonelands, East Grinstead. 

*King, Joseph. Sandhouse, Witley, Godalming. 

§King, Professor L. A. L., M.A. St. Mungo’s College Medical 
School, Glasgow. 

*King, Mervyn Kersteman. Merchants’ Hall, Bristol. 

*King, Percy L. 2 Worcester-avenue, Clifton, Bristol. 

{King, William, M.Inst.C.E. 5 Beach-lawn, Waterloo, Liverpool. 

§Kingdon, A. 197 Yale-avenue, Winnipeg, Canada. 

§Kingsford, H. §., M.A. Royal Anthropological Institute, 
50 Great Russell-street, W.C. 

{Krrrine, Professor F. Srantzy, D.Sc., Ph.D., F.R.S. (Pres. B, 
1908.) University College, Nottingham. 

*Kirby, Miss C. F. 8 Windsor-court, Moscow-road, W, 
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1907. 


1905. 
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1886. 
1905. 
1888. 


1887. 
1887. 
1906. 
1874. 
1903. 
1902. 
1875. 
1883. 
1905. 
1890. 


1888 


1905. 


1903. 
1885. 
1909. 
1904. 
1904. 
1889. 
1887. 


1909. 
. 1903. 
1893. 
1905: 
1898. 


1905. 
1886. 


1865. 


1880. 
1884. 
1885. 


1909. 


1887 


§Kirby, William Forsell, F.L.S. Hilden, 46 Sutton Court-road, 
Chiswick, W. 

{Kirkby, Reginald G. P.O. Box 7, Pietermaritzburg, Natal. 

§Kitto, Edward. The Observatory, Falmouth. 

{Knight, Captain J. M., F.G.8.. Bushwood, Wanstead, Essex. 

§Knightley, Lady, of Fawsley. Fawsley Park, Daventry. 

{Kwnort, Professor Carcitt G., D.Sc., F.R.S.E. 42 Upper Gray- 
street, Edinburgh. 

*Knott, Herbert, J.P. Sunnybank, Wilmslow, Cheshire. 

*Knott, John F. St. Martin’s, Hooton, near Chester. 

*Knowles, Arthur J., B.A., M.Inst.C.E. Turf Club, Cairo, Egypt. 

tKnowles, William James. Flixton-place, Ballymena, Co. Antrim. 

{Knowlson, J. F. 26 Part-street, Southport. 

{Kwox, R. Kyztz, LL.D. 1 College-gardens, Belfast. 

*Knubley, Rev. E. P., M.A. Steeple Ashton Vicarage, Trowbridge. 

tKnubley, Mrs. Steeple Ashton Vicarage, Trowbridge. 

tKoenig, J. P.O. Box 272, Cape Town. 

*Krauss, John Samuel, B.A. Stonycroft, Knutsford-road, Wilms- 
low, Cheshire. 

*Kunz, G. F., M.A., Ph.D. Care of Messrs. Tiffany & Co., 11 Union- 
square, New York City, U.S.A. 


tLacey, William. Champ d’Or Gold Mining Co., Luipaardsvlei, 
Transvaal. 

*Lafontaine, Rev. H. C.de. 49 Albert-court, Kensington Gore, S.W. 

*Laing, J. Gerard. 3 Paper-buildings, Temple, E.C. 

§Laird, Hon. David. Indian Commission, Ottawa, Canada. 

{Lake, Philip. St. John’s College, Cambridge. 

{Lamb, C. G. Ely Villa, Glisson-road, Cambridge. 

*Lamb, Edmund, M.A., M.P. Borden Wood, Liphook, Hants. 

{Lams, Horacr, M.A., LL.D., D.Sc., F.R.S. (Pres. A, 1904), Pro- 
fessor of Pure Mathematics in the Victoria University, Man- 
chester. 6 Wilbraham-road, Fallowfield, Manchester. 

§Lamb, J. R. 389 Graham-avenue, Winnipeg, Canada. 

t{Lambert, Joseph. 9 Westmoreland-road, Southport. 

*LampLuau, G. W., F.B.S., F.G.S. (Pres. C, 1906.) 13 Beaconsfield- 
road, St. Albans. 

{Lane, Rev. C. A. P.O. Box 326, Johannesburg. 

*Lanc, WittIAM H. 2 Heaton-road, Withington, Manchester. 

§Lange, John H. Judges’ Chambers, Kimberley. 

*LANGLEY, J. N., M.A., D.Sc., F.R.S. (Pres. I, 1899; Council, 
1904-07), Professor of Physiology in the University of Cam- 
bridge. ‘Trinity College, Cambridge. 

{Lanxester, Sir E. Ray, K.C.B., M.A., LL.D., D.Sc., F.R.S. 
(PRESIDENT, 1906; Pres. D, 1883 ; Council, 1889-90, 1894-95, 
1900-02.) 29 Thurloe-place, S.W. 

*LANSDELL, Rev. Henry, D.D., F.R.A.S., F.R.G.S. Morden 
College, Blackheath, Tondon, 8.E. 

+Lanza, Professor G. Massachusetts Institute of Technology, 
Boston, U.S.A. 

{LapwortH, Cuartes, LL.D., F.R.S., F.G.S. (Pres. C, 1892), 
Professor of Geology and Physiography in the University 
of Birmingham. 48 Frederick-road. Edgbaston, Birmingham 

§Larard, C. E., A.M.Inst.C.E. 106 Cranley-gardens, Muswell 
Hill, N. 

tLarmor, Alexander, Craglands, Helen’s Bay, Co. Down, 
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1892 
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1870. 
1905. 
1908. 
1908. 
1888. 


1883. 
1894. 


1905. 
1901. 
1904. 
1884. 
1872. 


1895. 
1907. 


1896. 
1909. 
1909. 
1894. 
1884. 
1909. 
1905. 
1892. 
1886. 
1906. 
1905. 
1889. 
1906. 


1905. 
1892. 


BRITISH ASSOCIATION, 


of 
. {Larmor, Sir Josern, M.A., D.Sc., Sec.R.S. (Pres. A, 1900), Lucasian 
Professor of Mathematics in the University of Cambridge. 
St. John’s College, Cambridge. 
. §Lascelles, B. P., M.A. Headland, Mount Park, Harrow. 
*Last, William I. Victoria and Albert Museum, London, S.W. 
. *LATHAM, Baupwin, M.Inst.C.E., F.G.S. Parliament-mansions, 
Westminster, S.W. 
. [Lauder, Alexander, Lecturer in Agricultural Chemistry in the 
Edinburgh and East of Scotland College of Agriculture, 
Edinburgh. 
. {Laurie, Matcou, B.A., D.Sc., F.L.S. School of Medicine, Sur- 
geons’ Hall, Edinburgh. 
. tLaurie, Lieut.-General. 47 Porchester-terrace, W. 
*Laurie, Robert Douglas. Department of Zoology, The University, 
Liverpool. 
*Law, Channell. Ilsham Dene, Torquay. 
{Lawrence, Miss M. Roedean School, near Brighton. 
§Lawson, H. 8., B.A. Westfield, Bath. 
{Lawson, William, LL.D. 27 Upper Fitzwilliam-street, Dublin. 
§Layard, Miss Nina F., F.L.S.. Rookwood, Fonnereau-road, 
Ipswich. 
*Leach, Charles Catterall. Seghill, Northumberland. 
*Leany, A. H., M.A., Professor of Mathematics in the University of 
Sheffield. 92 Ashdell-road, Sheffield. 
tLeake, E.O. 65 Harrison-street, Johannesburg. 
*Lean, George, B.Sc. 15 Park-terrace, Glasgow. 
*Leathem, J. G. St. John’s College, Cambridge. 
*Leavitt, Erasmus Darwin. 2 Central-square, Cambridgeport, 
Massachusetts, U.S.A. 
tLusoovr, G. A., M.A., F.G.S., Professor of Geology in the Durham 
College of Science, Newcastle-on-Tyne. 
*Ledger, Rev. Edmund. Protea, Doods-road, Reigate. 
§Lee, Mrs. Barton. The Limes, Derby-road, Heaton Moor, 
Stockport. 
§Lee, Rev. H. J. Barton. The Limes, Derby-road, Heaton Moor, 
Stockport. 
§Lee, I. L. Care of Messrs. B. F. Stevens & Brown, 4 Trafalgar: 
square, W.C, 
§Lee, aoe J. W., D.D. 33 Columbia-avenue, Atlanta, Georgia, 


i 


*Lee, Mrs. W. Ashdown House, Forest Row, Sussex. 

*Leech, Sir Bosdin T. Oak Mount, Timperley, Cheshire. 

§Leeming, J. H., M.D, 406 Devon-court, Wratt eg, Canada. 

§Lees, Mrs. A. P. Care of Dr. Norris Wolfenden, 76 Wimpole- 
street, W. 

*Lers, Cartes H., D.Sc. F.R.S., Professor of Physics in the 
East London College, Mile End. Greenacres, Mayfield-avenue, 
Woodford Green, Essex. 

*Lees, Lawrence W. Old Ivy House, Tettenhall, Wolverhampton. 

{Lees, Robert. Victoria-street, Fraserburgh. 

sei Wilfrid. Pigg’s Peak Development Co., Swaziland, South 

Tica. 

*Leeson, John Rudd, M.D., C.M., F.LS., F.G.8. Clifden House, 
Twickenham, Middlesex. 

{Leetham, Sidney. Elm Bank, York. 

tLegg, W. A. P.O, Box 1621, Cape Town. 

fLearerpr, Roserr A. 56 Norfolk-square, W, 
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1910. §Leigh, H. 8. Brentwood, Worsley, near Manchester. 


1891. 
1903. 


1906. 


1905. 
1882. 


1903. 


1908. 
1887, 
1901. 
1905. 
1904. 
1890. 
1904. 


1900. 
1896. 
1905. 
1887. 
1893. 


1905. 
1904. 
1870. 


1891. 
1905. 
1904. 
1909. 
1884. 
1903. 


1906. 


1908. 
1904. 
1898. 
1895. 
1888. 
1861. 
1876. 


1902. 
1909. 


1903. 
1891. 


{Leigh, W. W. Glyn Bargoed, Treharris, R.S.0., Glamorganshire. 

{Leighton, G. R., M.D., F.R.S.E., Professor of Pathology in the 
Royal Veterinary College, Edinburgh. 

{Leiper, Robert T., M.B., F.Z.S. London School of Tropical 
Medicine, Royal Albert Dock, E. 

{Leitch, Donald. P.O. Box 1703, Johannesburg. 

§Lemon, Sir James, M.Inst.C.E., F.G.8. 11 The Avenue, South- 
ampton. 

*Lempfert, R. G. K., M.A. Meteorological Office, 63 Victoria- 
street, S.W. ; 

{Lentaigne, John. 42 Merrion-square, Dublin. 

*Leon, John T. Elmwood, Grove-road, Southsea. 

§LronarD, J. H., B.Sc. 28 Talgarth-road, West Kensington, W. 

{Leonard, Right Rev. Bishop John. St. Mary’s, Cape Town. 

{Lepper, Alfred William. 6 Trinity College, Dublin. 

*Lester, Joseph Henry, Royal Exchange, Manchester. 

*Le Sueur, H. R., D.Sc. Chemical Laboratory, St. Thomas’s 
Hospital, 8.E. 

{Letts, Professor E, A., D.Sc., F.R.S.E. Queen’s College, Belfast. 

Lever, W. H. Thornton Manor, Thornton Hough, Cheshire. 

eat Benjamin. P.O. Box 74, Cape Town. 

*Levinstein, Ivan. Hawkesmoor, Fallowfield, Manchester. 

*Luwens, Vivian B., F.C.S., Professor of Chemistry in the Royal 
Naval College, Greenwich, S.E. 

tLewin, J. B. Duncan’s-chambers, Shortmarket-street, Cape 
Town. 

*Lewis, Mrs. Agnes S., LL.D. Castle Brac, Chesterton-lane, Cam- 
bridge. 

{Lewis, eed Lionet. 35 Beddington-gardens, Wallington, 
Surrey. 

tLewis, Bedieior D. Morgan, M.A. University College, Aberystwyth. 

tLewis, F.S., M.A. South African Public Library, Cape Town. 

{Lewis, Hugh. Glanafrau, Newtown, Montgomeryshire. 

§Lewis, J. W. 67 Cadogan-place, W. 

*Lewis, Sir W. T., Bart. The Mardy, Aberdare. 

§Lewkowitsch, Dr. J. 71 Priory-road, N.W. 

§Liddiard, James Edward, F.R.G.S. Rodborough Grange, Bourne- 
mouth. 

{Lilly, W. E., M.A., Sc.D. 39 Trinity College, Dublin. 

{Link, Charles W. 14 Chichester-road, Croydon. 

§Lippincott, R. C. Cann. Over Court, near Bristol. 

*Lister, The Right Hon. Lord, F.R.C.S., D.C.L., D.Sc., F.R.S. 
(PRESIDENT, 1896.) 12 Park-crescent, Portland-place, W. 

tLister, J. J., M.A., F.R.S. (Pres. D, 1906.) St. John’s College, 
Cambridge. 

*Livetna, G. D., M.A., F.R.S. (Pres. B, 1882 ; Council 1888-95 ; 
Local Sec. 1862.) Newnham, Cambridge. 

*LiversIDGE, ARcHTBALD, M.A., F.R.S., F.C.8., F.G.S., F.R.G.S. 
Hornton Cottage, Hornton-street, Kensington, W. 

§Llewellyn, Evan. Working Men’s Institute and Hall, Blaenavon. 

§Lloyd, George C., Secretary of the Iron and Steel Institute. 28 
Victoria-street, S.W. 

§Lloyd, Godfrey I. H. The University of Toronto, Canada. 

*Lioyp, R. J., M.A., D.Litt., F.RS.H. 494 Grove-street, Liverpool. 


1854. *Lostry, J. Loaan, F.G.S., F.R.G.S. 36 Palace-street, Bucking- 


ham Gate, 8.W. 
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1892. {Loon, C.S., D.C.L. Denison House, Vauxhall Bridge-road, S.W. 

1905. {Lochrane, Miss T. 8 Prince’s-gardens, Dowanhill, Glasgow. 

1904. t{Lock, Rev. J. B. Herschel House, Cambridge. 

1863. {LocxyEr, Sir J. Norman, K.C.B., LL.D., D.Sc., F.R.S. (PRESIDENT, 

1903 ; Council, 1871-76, 1901-02.) 16 Penywern-road, 8.W. 

1902. *Lockyer, Lady. 16 Penywern-road, S.W. 

1900. §LookyER, W. J.S., Ph.D. 16 Penywern-road, 8.W. 

1886. *Lopaz, Atrrep, M.A. The Croft, Peperharow-road, Godalming. 

1875. *Lopaxz, Sir Oxrver J., D.Se., LL.D., F.R.S. (Pres. A, 1891; 
Council, 1891-97, 1899-1903), Principal of the University of 
Birmingham. 

1894. *Lodge, Oliver W. F. 17 Ruskin-buildings, Westminster, S.W. 

1899. §Loncq, Emile. 6 Rue de la Plaine, Laon, Aisne, France. 

1902. {LonponprERRY, The Marquess of, K.G. Londonderry House, 
Park-lane, W. 

1903. tLong, Frederick. The Close, Norwich. 

1905. {Long, W. F. City Engineer’s Office, Cape Town. 

1883. *Long, William. Thelwall Heys, near Warrington. 

1904. *Longden, J. A., M.Inst.C.E. Stanton-by-Dale, Nottingham. 

1905. §Longden, Mrs. J. B. Stanton-by-Dale, Nottingham. 

1898. *Longfield, Miss Gertrude. Belmont, High Halstow, Rochester. 

1901. *Longstaff, Frederick V.,F.R.G.S. Ridgelands, Wimbledon, Surrey. 

1875. *Longstaff, George Blundell, M.A., M.D., F.C.S., F.S.8. Highlands, 
Putney Heath, 8.W. 

1872. *Longstaff, Llewellyn Wood, F.R.G.S. Ridgelands, Wimbledon, S.W. 

1881. *Longstaff, Mrs. Ll. W. Ridgelands, Wimbledon, S.W. 

1899. *Longstaff, Tom G., M.A., M.D. Ridgelands, Wimbledon, S8.W. 

1903. jLoton, John, M.A. 23 Hawkshead-street, Southport. 

1897. {Loupon, James, LI..D., President of the University of Toronto, 
Canada. 

1883. *Lovuis, D. A., F.C. Savage Club, W.C. ; 

1896. §Louis, Henry, M.A., Professor of Mining in the Durham College of 
Science, Newcastle-on-T'yne. 

1887. *Lovr, A. E. H., M.A:, D.Se., F.R.S. (Pres. A, 1907), Professor 
of Natural Philosophy in the University of Oxford. 34 St. 
Margaret’s-road, Oxford. 

1886. *Love, E. F. J.,D.Se., M.A. The University, Melbourne, Australia. 

1904. *Love, J. B. Outlands, Devonport. 

1876. *Love, James, F.R.A.S., F.G.S., F.Z.S. 33 Clanricarde-gardens, W. 

1905. {Loveday, Professor T. South African College, Cape Town. 

1908. §Low, Alexander, M.A., M.B. Marischal College, Aberdeen. 

1909. §Low, ee M.D. 1927 Scarth-street, Regina, Saskatchewan, 

anada. 

1885. §Lowdell, Sydney Poole. Baldwin’s Hill, East Grinstead, Sussex. 

1891. §Lowdon, John. St. Hilda’s, Barry, Glamorgan. 

1885. *Lowe, Arthur C. W. Gosfield Hall, Halstead, Essex. 

1905. t{Lowe, E. C. Chamber of Trade, Johannesburg. 

1886. *Lowe, John Landor, B.Sc., M.Inst.C.E. Spondon, Derbyshire. 

1894. {Lowenthal, Miss Nellie. Woodside, Egerton, Huddersfield. 

1903. *Lowry, Dr. T. Marri. 130 Horseferry-road, S.W. 

1901. *Lucas, Keith. Greenhall, Forest Row, Sussex. 

1891. *Lucovich, Count A. Tyn-y-pare, Whitchurch, near Cardiff. 

1906. La aay Bowman. College Gate, 32 College-road, Clifton, 

ristol. 

1866. *Lund, Charles. Ikley, Yorkshire. 

1850. *Lundie, Cornelius. 32 Newport-road, Cardiff. 

1905. ¢{Lunnon, F. J. P.O. Box 400, Pretoria, 
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1883. *Lupton, Arnold, M.P., M.Inst.C.E., F.G.S. 7 Victoria-street, S.W. 

1874. *Lupron, Sypnrny, M.A. (Local Sec. 1890.) 102 Park-street, 
Grosvenor-square, W. 

1898. §Luxmoore, Dr. C. M. Central Technical Schools, Truro. 

1903. tLyddon, Ernest H. Lisvane, near Cardiff. 


1884. 
1907. 


1908. 
1908. 


1905. 
1868. 


1878. 


1904. 
1908. 


1896. 


1879. 
1883. 
1909. 
1896. 
1904. 
1896. 


1902. 
1886. 
1908. 


1909. 
1884. 
1887. 


1904. 
1876. 
- 1902. 


1906. 
1878. 
1908. 
1901. 
1905. 
1901. 
1892. 


1901. 
1905. 
1904. 
1909. 


{Lyman, H. H. 384 St. Paul-street, Montreal, Canada. 
*Lyons, Captain Henry George, R.E., D.Sc., F.R.S. 34 Huntly- 
gardens, Glasgow. 
§Lyster, George H. 34 Dawson-street, Dublin. 
tLyster, Thomas W., M.A. National Library of Ireland, Kildare- 
street, Dublin. 


t{Maberly, Dr. John. Shirley House, Woodstock, Cape Colony. 

{MacaListER, ALEXANDER, M.A., M.D.; F.R.S. (Pres. H, 1892; 
Council. 1901-06), Professor of Anatomy in the University of 
Cambridge. Torrisdale, Cambridge. 

tMacAuister, Sir Donatp, K.C.B., M.A., M.D., LL.D., B.Sc., 
Principal of the University of Glasgow. 

tMacalister, Miss M. A. M. ‘Torrisdale, Cambridge. 

tMacallan, J., F.C, F.R.S.E. 3 Rutland-terrace, Clontarf, Co. 
Dublin. 

{Macatitum, Professor A. B., Ph.D., D.Sc., F.R.S. (Local Sec. 
1897.) 59 St. George-street, Toronto, Canada. 

§MacAndrew, James J., F.L.S. Lukesland, Ivybridge, South Devon. 

{MacAndrew, Mrs. J.J. Lukesland, Ivybridge, South Devon. 

§MacArthur, J. A., M.D. Canada Life Building, Winnipeg, Canada. 

*Macaulay, F. 8., M.A. 19 Dewhurst-road, W. 

*Macaulay, W. H. King’s College, Cambridge. 

{MacBripz, Professor E. W.,M.A., D.Sc., F.R.S. McGill University, 
Montreal, Canada. 


*Maccall, W. T., M.Sc. Municipal Technical College, Halifax, York- 
shire. 

{MacCarthy, Rev. KE. F. M., M.A. 50 Harborne-road, Edgbaston, 
Birmingham. 

§McCarthy, Edward Valentine, J.P. Ardmanagh House, Glenbrook, 
Co. Cork. 

§McCarthy, J. H. Public Library, Winnipeg, Canada, 


*McCarthy, J. J..M.D. 83 Wellington-road, Dublin. 

*McCarthy, James. Care of Sir Sherston Baker, Bart., 18 Caven- 
dish-road, Regent’s Park, N.W. 

§McClean, Frank Kennedy. Rusthall House, Tunbridge Wells. 

*M‘CLELitanp, A. 8. 4 Crown-gardens, Dowanhill, Glasgow. 

tMcClelland, J. A., M.A., Professor of Physics in University College, 
Dublin. 

tMcClure, Rev. E. 80 Eccleston-square, S.W. 

*M‘Comas, Henry. Pembroke House, Pembroke-road, Dublin. 

§McCombie, Hamilton, M.A., Ph.D. The University, Birmingham. 

*MacConkey, Alfred. Queensberry Lodge, Elstree, Herts. 

tMcConnell, D. E. Montrose-avenue, Orangezicht, Cape Town. 

{MacCormac, J. M., M.D. 31 Victoria-place, Belfast. 

*McCowan, John, M.A., D.Sc. Henderson-street, Bridge of Allan, 
N.B 


t{McCrae, John, Ph.D. 7 Kirklee-gardens, Glasgow. 

§McCulloch, Principal J. D. Free College, Edinburgh. 

tMcCulloch, Major T., R.A.. 68 Victoria-street, S.W. 

§MacDonald, Miss Eleanor. Fort Qu’Appelle, Saskatchewan, Canada. 


54 


BRITISH ASSOCIATION. 


Year of 
Hlection. 


1904. 


1905. 
1900. 
1890. 
1905. 


1884. 


1909. 
1909, 
1908. 
1897. 
1881. 


1906. 
1885. 


1905. 
1901. 
1909. 
1888. 
1908. 


1908. 
1906. 
1884. 


1902. 
1905. 
1867. 


1909. 
1909. 
1909. 
1884, 


1885. 
1908. 
1873. 


1909. 
1905. 


1907. 


1905. 
1897. 
1909. 
1901. 
1872. 
1901. 
1887. 


{Macdonald, H. M., M.A., IF'.R.S., Professor of Mathematics in the 
University of Aberdeen. 

t{McDonald, J. G. P.O. Box 67, Bulawayo. 

{MacDonald, J. Ramsay, M.P. 3 Lincoln’s Inn-fields, W.C. 

*MacDonald, Mrs. J. Ramsay. 3 Lincoln’s Inn-fields, W.C. 

§Macdonald, J. 8., B.A., Professor of Physiology in the University 
of Sheffield. 

*Macdonald, Sir W. C. 449 Sherbrooke-street West, Montreal, 
Canada. 

§MacDonell, John, M.D. Portage-avenue, Winnipeg. Canada. 

*MacDougall, R. Stewart. The University, Edinburgh. 

§McEwen, Walter, J.P. Flowerbank, Newton Stewart, Scotland. 

t{McEwen, William C. 9 South Charlotte-street, Edinburgh. 

{Macfarlane, Alexander, D.Sc., F.R.S.E. 317 Victoria-avenue, 
Chatham, Ontario, Canada. 

§McFarlane, John. 30 Parsonage-road, Withington, Manchester. 

{Macfarlane, J. M., D.Sc., F.R.S.E., Professor of Biology in the 
University of Pennsylvania, Lansdowne, Delaware Co., Penn- 
sylvania, U.S.A. 

{Macfarlane, T. J. M. P.O. Box 1198, Johannesburg. 

{Macfee, John. 5 Greenlaw-terrace, Paisley. 

§Macgachen, A. F. D. 281 River-avenue, Winnipeg, Canada. 

{MacGeorge, James. 8 Matheson-road, Kensington, W. 

{McGratu, Josepu, LL.D. (Local Sec. 1908.) Royal University 
of Ireland, Dublin. 

§MacGregor, Charles. Training Centre, Charlotte-street, Aberdeen. 

{Macgregor, D. H., M.A. Trinity College, Cambridge. 

*MacGrecor, James Gorpon, M.A., D.Sc., F.R.S., F.R.S.E., Pro- 
fessor of Natural Philosophy in the University of Edinburgh, 

{Mellroy, Archibald. Glenvale, Drumbo, Lisburn, Ireland. 

{Macindoe, Flowerdue. 23 Saratoga-avenue, Johannesburg. 

*McInrosu W. C., M.D., LL.D., F.R.S., F.R.S.E., F.L.S. (Pres. D, 
1885), Professor of Natural History in the University of 
St. Andrews. 2 Abbotsford-crescent, St. Andrews, N.B. 

§McIntyre, Alexander. 142 Maryland-avenue, Winnipeg, Canada. 

§McIntyre, Daniel. School Board Offices, Winnipeg, Canada. 

§McIntyre, W. A. 339 Kennedy-street, Winnipeg, Canada. 

§MacKay, A H., B.Se., LL.D., Superintendent of Education. 
Education Office, Halifax, Nova Scotia, Canada. 

{Mackay, Joun Yutz, M.D., LL.D., Principal of and Professor of 
Anatomy in University College, Dundee. 

§McKay, William, J.P. Clifford-chambers, York. 

{McKenprick, Joun G., M.D, LL.D., F.R.S., F.R.S.E. (Pres. I, 
1901 ; Council, 1903-09), Professor of Physiology in the 
University of Glasgow. Maxieburn, Stonehaven, N.B. 

§McKenty, D. EK. 104 Colony-street, Winnipeg, Canada. 

tMcKenzie, A. R. P.O. Box 214, Cape Town. 

§McKewziz, ALEXANDER, M.A., D.Sc., Ph.D. Birkbeck College, 
Bream’s-buildings, Chancery-lane, E.C. 

{Mackenzie, Hector. Standard Bank of South Africa, Cape Town. 

{McKenzie, John J. 61 Madison-avenue, Toronto, Canada. 

§MacKenzie, Kenneth. Royal Alexandra Hotel, Winnipeg, Canada. 

*Mackenzie, Thomas Brown. Netherby, Mansg-road, Motherwell,N.B. 

*Mackey, J. A. United University Club, Pall Mall East, 8.W. 

tMackie, William, M.D. 13 North-street, Elgin. 

{MackinpeEr, H. J., M.A., F.R.G.S. (Pres. E, 1895; Council, 1904- 
1905.) 243 St. James’s-court, Buckingham-gate, 8.W, 
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1908. 


1885. 


1894, 
1901. 


1905. 
1901. 
1901. 
1905. 
1892. 


1909. 


1908. 
1868. 


1909. 
1883. 


1909. 


1902. 
1905. 


1878. 
1905. 
1909. 
1905. 
1907. 
1906. 
1908. 
1908. 
1902. 
1902. 
1908. 
1905. 
1902. 
1909. 
1875. 


1908. 


1902. 
1907. 
1908. 
1908. 
1857. 


1905. 
1897. 
1903. 
1905. 


1894. 
1905. 


gsMacKinnon, Mrs. Donald. Speldhurst Rectory, Tunbridge Wells. 

*M‘Laren, The Hon. Lord, F.R.S.E., F.R.A.S. 46 Moray-place, 
Edinburgh, 

*McLaren, Mrs. BE. L. Colby, M.B., Ch.B. 228 Rotton Park-road, 
Edgbaston, Birmingham. 

Maclaren, J. Malcolm. Royal Colonial Institute, Northumber- 
land Avenue, W.C. 

tMcLaren, Thomas. P.O. Box 1034, Johannesburg. 

tMaclay, William. Thornwood, Langside, Glasgow. 

t{McLean, Angus, B.Sc. Ascog, Mcikleriggs, Paisley. 

{MacLean, Lachlan. Greenhill, Kenilworth, Cape Colony. 

*Maciran, Maenvs, M.A., D.Se., F.R.S.E. (Local Sec. 1901), Pro- 
fessor of Electrical Engineering, Technical College, Glasgow. 

§MacLean, Neil Bruce. 24 Hitchcock Hall, The University, Chicago. 
U.S.A 


§McLennan, J. C. The University, Toronto, Canada. 

§McLrop, Herpert, F.R.S. (Pres. B, 1892; Council, 1885-90.) 
37 Montague-road, Richmond, Surrey. 

§MacLeod, M. H. C.N.R. Depit, Winnipeg, Canada. 

tMacManon, Major Percy A., R.A., D.Sc, F.R.S. (GENERAL 
SEcretTary, 1902- : Pres. A, 1901 ; Council, 1898-1902.) 
27 Evelyn-mansions, Carlisle-place, S.W. 

§McMittan, The Hon. Sir Danie H., K.C.M.G. Government 
House, Winnipeg, Canada. 

tMcMordie, Robert J. Cabin Hill, Knock, Co. Down. 

tMacNay, Arthur. Cape Government Railway Offices, De Aar, 
Cape Colony. 

tMacnie, George. 59 Bolton-street, Dublin. 

§Macphail, Dr. 8. Rutherford. Rowditch, Derby. 

§MacPhail, W. M. P.O. Box 88, Winnipeg, Canada. 

tMacrae, Harold J. P.O. Box 817, Johannesburg. 

§Macrosty, Henry W. 29 Hervey-road, Blackheath, 8.9. 

{Macturk, G. W. B. 15 Bowlalley-lane, Hull. 

{MecVittie, R. B., M.D. 62 Fitzwilliam-square North, Dublin. 

{McWalter, J. C., M.D., M.A. 19 North Earl-street, Dublin. 

t{McWeeney, Professor E.J., M.D. 84 St. Stephen’s-green, Dublin. 

{McWhirter, William. 9 Walworth-terrace, Glasgow. 

{MappEn, Rt. Hon. Mr. Justice. Nutley, Booterstown, Dublin. 

§Magenis, Lady Louisa. 34 Lennox-gardens, 8.W. 

{Magill, R., M.A., Ph.D. The Manse, Maghera, Co. Derry. 

§Magnus, Laurie, M.A. 12 Westbourne-terrace, W. 

*Maanos, Sir Purp, B.Sc., B.A., M.P. (Pres. L, 1907). 16 Glouces- 
ter-terrace, Hyde Park, W. ~ 

*Magson, Egbert H. 67 Pepys-road, Cottenham Park, Wimble- 
don, 8. W. 

{Mahon, J. L. 2 May-street, Drumcondra, Dublin. 

*Mair, David. Civil Service Commission, Burlington-gardens, W. 

{Mair, William, F.C.S. 7 Comiston-road, Edinburgh. 

*Makower, W. ‘The University, Manchester. 

{Matper, Jonn Wittram, Ph.D., M.D., F.R.S., F.C.S., Professor of 
Chemistry in the University of Virginia, Albemarle Co., U.S.A. 

{Maltby, Lieutenant G. R., R.N. 54 St. George’s-square, S.W. 

{Mancs, Sir H. C. Old Woodbury, Sandy, Bedfordshire. 

t{Manifold, C. C. 16 St. James’s-square, $.W. 

{Manning, D. W., F.R.G.S. Roydon, Rosebank, Cape Town. 

{Manning, Perey, M.A., F.S.A. Watford, Herts. 

{Mansfield, J.D, 94 St, George’s-street, Cape Town, 
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1887. *March, Henry Colley, M.D., F.S.A. Portesham, Dorchester. 
Dorsetshire. 

1902. *Marcuant, Dr. E. W. The University, Liverpool. 

1898. *Mardon, Heber. 2 Litfield-place, Clifton, Bristol. j 


1900. {Margerison, Samuel. Calverley Lodge, near Leeds. 

1864. {Marxuam, Sir CLements R., K.C.B., F.RB.S., F.R.G.S., F.S.A. 
(Pres. E, 1879; Council, 1893-96.) 21 Eccleston-square, S.W. 

1905. §Marks, Samuel. P.O. Box 379, Pretoria. 

1905. {Marloth, R., M.A., Ph.D. P.O. Box 359, Cape Town. 

1881. *Marr, J. E., M.A., D.Sc., F.R.S., F.G.S. (Pres. C, 1896 ; Council, 
1896-1902.) St. John’s College, Cambridge. 

1903. §Marriott, William. Royal Meteorological Society, 70 Victoria- 
street, S.W. 

1892. *Marsden-Smedley, J. B. Lea Green, Cromford, Derbyshire. 

1883. *Marsh, Henry Carpenter. 3 Lower James-street, Golden-square, W. 

1887. tMarsh, J. E., M.A., F.R.S. University Museum, Oxford. 

1889. *MarsHALt, ALFRED, M.A., LL.D., D.Sc. (Pres. F, 1890.) Balliol 
Croft, Madingley-road, Cambridge. 

1904. {Marshall, F. H. A. University of Edinburgh. 

1995. §Marshall, G. A. K. 6 Chester-place, Hyde Park-square, W. 

1892. §MarsHatt, Huan, D.Sc., F.R.S., F.R.S.E., Professor of Chemistry 
in University College, Dundee. 

1901. {Marshall, Robert. 97 Wellington-street, Glasgow. 

1885. *MarsHaLyt, WitttAM Bayxtey, M.Inst.C.E. Imperial Hotel, Mal- 
vern. 

1907. {Marston, Robert. 14 Ashleigh-road, Leicester. 

1899. §Martin, Miss A. M. Park View, 32 Bayham-road, Sevenoaks. 

1891. *Martin, Edward P., J.P. The Hill, Abergavenny, Monmouth- 
shire. 

1905. {Martin, John. P.O. Box 217, Germiston, Transvaal. 

1884. §Martin, N. H., J.P., F.R.S.E., F.L.S. Ravenswood, Low Fell, 
Gateshead. 

1889. *Martin, Thomas Henry, Assoc.M.Inst.C.E. Hughenden, New 
Barnet, Herts. 

1905. {Marwick, J.§. P.O. Box 1166. Johannesburg. 

1905. Marx, Mrs. Charles. Shabana, Robmson-street, Belgravia, South 
Africa. 

1907. {Masefield, J. R. B., M.A. Rosehill, Cheadle, Staffordshire. 

1847, {MaskeLynzr, Nevit Story, M.A., D.Sc., F.B.S., F.G.S. (Council, 
1874-80). Basset Down House, Swindon. 

1905. *Mason, Justice A. W. Supreme Court, Pretoria. 

1893. *Mason, Thomas. Enderleigh, Alexandra Park, Nottingham. 

1891. *Massey, William H., M.Inst.C.E. Twyford, R.S.0., Berkshire. 

1905. §Massy, Miss Mary. York House, Teignmouth, Devon. 

1898. tMasterman, A. T. University of St. Andrews, N.B. 

1901. *Mather, G. R. Boxlea, Wellingborough. . 

1887. *Mather, Sir William, M.Inst.C.E. Salford Iron Works, Manchester. 

1909. §Mathers, Justice. 16 Edmonton-street, Winnipeg, Canada. 

1908. ace Sir R. E., LL.D. Charlemont House, Rutland-square, 

ublin. 

1905. Mathew, Alfred Harfield. P.O. Box 242, Cape Town. 

1894. {Maruews, G. B., M.A., F.R.S. St. John’s College, Cambridge. 

1902. {Matley, C. A., D.Sc. 7 Morningside-terrace, Edinburgh. 

1904. {Matthews, D. J. The Laboratory, Citadel Hill, Plymouth. 

1905. {Matthews, J. Wright, M.D. P.O. Box 437, Johannesburg. 

1899, *Maufe, Herbert B., B.A., F.G.S. Geological Survey Office, 33 George- 
square, Edinburgh, 
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1893. 
1865. 
1894. 


1903. 
1901. 
1905. 
1905. 
1878. 
1904. 
1905. 


1879. 
1905. 
1881. 


1908. 


1883. 
1879. 
1866. 
1881. 
1905. 
1901. 
1909. 
1905. 
1908. 


1879. 
1899. 

1905. 
1899. 
1889. 
1905. 
1896, 
1869. 
1903. 
1881. 


1904. 
1894. 


1885. 


1905. 
1889. 


1909. 
1895. 


{Mavor, Professor James. University of Toronto, Canada. 

*Maw, Groras, F.L.S., F.G.S., F.S.A. Benthall, Kenley, Surrey. 

§Maxim, Sir Hiram §. Thurlow Park, Norwood-road, West 
Norwood, 8.E. 

{ Maxwell, J. M. 37 Ash-street, Southport. 

*May, W. Page, M.D., D.Sc. 14 Great Cumberland-place, W. 

§Maylard, A. Ernest. 12 Blythswood-square, Glasgow. 

{Maylard, Mrs. 12 Blythswood-square, Glasgow. 

*Mayne, Thomas. 19 Lord Edward-street, Dublin. 

{Mayo, Rev. J., LL.D. 6 Warkworth-terrace, Cambridge. 

{Mearns, J. Herbert, M.D. Edenville, 10 Oxford-road, Observatory, 
Cape Town. 

§Mciklejohn, John W.S., M.D. 105 Holland-road, W. 

§Mein, W. W. P.O. Box 1145, Johannesburg. 

*MELDOLA, RAPHAEL, F.R.S., F.R.A.S., F.C.S., F.C. (Pres. B, 
1895 ; Council, 1892-99), Professor of Chemistry in the Fins- 
bury Technical College, City and Guilds of London Institute, 
6 Brunswick-square, W.C. 

{Meldrum, A. N., D.Sc. Chemical Department, The University, 
Manchester. 

tMellis, Rev. James. 23 Part-street, Southport. 

*Mellish, Henry. Hodsock Priory, Worksop. 

{Me t1o, Rev. J. M., M.A., F.G.S. Cliff Hill, Warwick. 

§Melrose, James. Clifton Croft, York. 

*Melvill, E. H. V., F.G.S., F.R.G.S. P.O. Box 719, Johannesburg. 

tMennell, F. P. 8 Addison-road, W. 

§Menzies, Rey. James, M.D. Hwaichingfu, Honan, China. 

tMeredith, H.O. Hollycroft, Cavendish-avenue, Cambridge. 

{MerepirTH, Sir James Creep, LL.D. Royal University of Ireland, 
Dublin. 

{Merivatz, Jonn Herman, M.A. (Local Sec. 1889.) Togston Hall, 
Acklington. 

*Merrett, William H., F.I.C. Hatherley, Grosvenor-road, Walling- 
ton, Surrey. 

{Merriman, Right Hon. John X. Schoongezicht, Stellenbosch, Cape 
Colony. 

tMerryweather, J.C. 4 Whitehall-court, S.W. — 

*Merz, John Theodore. The Quarries, Newcastle-upon-Tyne. 

tMethven, Cathcart W. Club Arcade, Smith-street, Durban. 

§Metzler, W. H., Ph.D., Professor of Mathematics in Syracuse 
University, Syracuse, New York, U.S.A. 

{Mzatt, Louis C., D.Sc., F.R.S., F.LS., F.G.S. (Pres. D, 1897 ; 
Pres. L, 1908; Local Sec. 1890.) Norton Way North, Letch- 
worth. 

*Micklethwait, Miss Frances M.G. Penhein, Chepstow, Monmouth. 

*Middlesbrough, The Right Rev. Richard Lacy, D.D., Bishop of. 
Bishop’s House, Middlesbrough. 

{Middleton, T. H., M.A. South House, Barton-road, Cambridge 
*Mimrs, H. A., M.A., F.RB.S., F.G.S. (Pres. C, 1905), Principal of 
the University of London. 23 Wetherby-gardens, S.W. 
§Mitt, Hues Rosert, D.Sc., LL.D., F.R.S.E., F.R.G.S. (Pres. E, 

1901.) 62 Camden-square, N.W. 
{Mill, Mrs. H. R. 62 Camden-square, N.W. 
*Mitiarn, Roprrt Cocksurn, 30 York-place, Edinburgh. 
Millar, Thomas, M.A., LL.D., F.R.S.E. Perth. 
§Miller, A. C. E. Vermilion Bay, Ontario, Canada. 
{Miller, Thomas, M.Inst.C.E. 9 Thoroughfare, Ipswich. 
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1909. §Miller, Professor W. G. Bureau of Mines, Toronto, Canada, 


1902. 
1904. 
1905. 
1908. 
1868. 


1908. 
1908. 


1908. 
1902. 
1907. 
1882, 


1903. 
1898. 
1908. 


1907. 
1880. 


{Millin, S. T. Sheridan Lodge, Helen’s Bay, Co. Down. 

tMillis, C. T. Hollydene, Wimbledon Park-road, Wimbledon. 

§Mills, Mrs. A. A. Ceylon Villa, Blinco-grove, Cambridge. 

§Mills, Miss E. A. Nurney, Glenagarey, Co. Dublin. 

*Mrits, Epmunp J., D.Se., F.R.S., F.C.S. 64 Twyford-avenue, 
West Acton, W. 

§Mills, Miss Gertrude Isabel. Nurney, Glenagarey, Co. Dublin. 

§Mills, John Arthur, M.B. Durham County Asylum, Winterton, 
Ferryhill. 

§Mills, W. H., M.Inst.C.E. Nurney, Glenagarey, Co. Dublin. 

{Mills, W. Sloan, M.A. Vine Cottage, Donaghmore, Newry. 

{Milne, A., M.A. University School, Hastings. 

*Minnp, Jouy, D.Sc., F.R.S., F.G.S. Shide, Newport, Isle of 
Wight. 

*Milne, R. M. Royal Naval College, Dartmouth, South Devon. 

*Milner, 8. Roslington, D.Se. The University, Sheffield. 

§Milroy, T. H., M.D., Dunville Professor of Physiology in Queen’s 
College, Belfast. 

§Milton, J. H., F.G.S. Harrison House, Crosby, Liverpool. 

{Mrvcuty, G. M., M.A., F.R.S., Professor of Mathematics in the 
Royal Indian Engineering College, Coopers Hill, Surrey. 


1901. *Mitchell, Andrew Acworth. 7 Huntly-gardens, Glasgow. 

1901. *Mitchell, G. A. 5 West Regent-street, Glasgow. 

1909. §Mitchell, J. F. 211 Rupert-street, Winnipeg, Canada. 

1905. t{Mitchell, John. Government School House, Jeppestown, Transvaal. 


1885. 


1905. 
1908. 
1905. 


1895. 
1908. 
1905. 
1905. 
1905. 


1883. 
1908. 


1900. 
1905. 


1905. 
1891. 


1909. 
1909. 
1905. 
1908. 
1894 


t{Mrrenett, P. Cuatmers, M.A., D.Sc., F.R.S., Sec.Z.S. (Council, 
1906- ). 3 Hanover-square, W. 

*Mitchell, William Edward. Ferreira Deep, Johannesburg. 

{Mitchell, W. M. 2 St. Stephen’s Green, Dublin. 

tMitter, M. Care of J. Speak, Esq., The Grange, Kirton, near 
Boston. 

*Moat, William, M.A. Johnson Hall, Eccleshall, Staffordshire. 

{Moffat, C. B. 36 Hardwicke-street, Dublin. 

§Moir, James, D.Sc. . Mines Department, Johannesburg. 

+Moir, Dr. W. Ironside. Care of Dr. McAulay, Cleveland, Transvaal. 

§Molengraaff, Professor G. A. F. The Technical University of 
Delft, The Hague. 

{Mollison, W. L., M.A. Clare College, Cambridge. 

tMolloy, W. R. J., J.P., M-R.LA. 78 Kenilworth-square, Rathgar, 
Co. Dublin. 

*Moncxtron, H. W., Treas.L.S., F.G.S. 3 Harcourt-buildings, 
Temple, H.C. 

*Moncrierr, Colonel Sir C. Scorr, G.C.S.I., K.C.M.G., R.E. (Pres 
G, 1905.) 11 Cheyne-walk, S.W. 

tMoncrieff, Lady Scott. 11 Cheyne-walk, 8.W. 

*Mond, Robert Ludwig, M.A., F.R.S.E., F.G.S. 20 Avenue-road, 
Regent’s Park, N.W. 

§Moody, A. W., M.D. 4304 Main-street, Winnipeg, Canada. 

§Moody, G. T., D.Sc. Lorne House, Dulwich, 8.5. 

tMoore, Charles Elliott. P.O. Box 5382, Johannesburg. 

*Moore, F. W. Royal Botanic Gardens, Glasnevin, Dublin. 

. {Moore, Harold E. Oaklands, The Avenue, Beckenham, Kent. 


1908. §Moore, Sir John W., M.D. 40 Fitzwilliam-square West, Dublin. 


1901 
1905 
1896 


. *Moore, Robert T. 142 St. Vincent-street, Glasgow. 
. §Moore, T. H. Thornhill Villa, Marsh, Huddersfield. 
. *Mordey, W. M. 82 Victoria-street, $,W, 
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1896. 
1902. 
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1901. 
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1906. 
1896. 
1908. 


1905. 
1896. 
1880. 
1907. 


1899. 


1909. 
1865. 
1886. 
1896. 


1908. 
1876. 


1892. 


1878. 


1899. 
1905. 
1905. 
1902. 
1907. 
1874, 


1909. 
1904. 
1872. 
1905. 
1876. 


1902. 
1884. 


1905. 
1908. 


1904. 


{More, I. E. Padern. Carlton Buildings, Parliament-street, Cape 
Town. 

*Moreno, Francisco P. Parana 915, Buenos Aires. 

*Morgan, Miss Annie. Friedrichstrasse No. 2, Vienna. 

tMoraan, C. Luoyp, F.R.S., F.G.S., Principal of University College, 
Bristol. 

tMorgan, George. 21 Upper Parliament-street, Liverpool. 

tMoraan, GinpErt T., D.Sc., F.I.C. Royal College of Science, S.W. 

*Morgan, Septimus Vaughan. 37 Harrington-gardens, S.W. 

*Morison, James. Perth. 

*Mor.ey, Henry Forsrmr, M-A., D.Sc., F.C.S. 5 Lyndhurst-road, 
Hampstead, N.W. 

tMorrell, H. R. Scarcroft-road, York. 

tMorrell, R. S. Caius College, Cambridge. 

tMorris, E, A. Montmorency, M.A., M.R.I.A. Winton House, 
ree Co. Dublin. 

tMorris, F., M.B., B.Sc. 18 Hope-street, Cape Town. 

*Morris, J.T. 47 Cumberland-mansions, Seymour-place, W. 

§Morris, James. 6 Windsor-street, Uplands, Swansea. 

Morris, Colonel Sir W. G., K.C.M.G. Care of Messrs. Cox & Co., 
16 Charing Cross, W. c. 

*Morrow, Joun, M.Sc., D.Eng. Armstrong College, Newcastle- 
upon-Tyne. 

§Morse, Morton F. Wellington-crescent, Winnipeg, Canada. 

{Mortimer, J. R. St. J ohn’s Villas, Driffield. 

*Morton, P. F. 15 Ashley-place, Westminster, S.W. 

*Morron, Witt1aM B., M.A., Professor of Natural Philosophy in 
Queen’s College, Belfast. 

tMoss, Dr. C. E. Botany School, Cambridge. 

§Moss, Ricnarp Jackson, F.1.C., M.R.I.A. Royal Dublin Society, 
and St. Aubyn’s, Ballybrack, Co. Dublin. 

*Mostyn, S. G., M.A., M.B. 15 Grange-avenue, Harton, near South 
Shields. 

*Moutton, The Right Hon. Lord Justice, M.A., K.C., F.R.S. 
57 Onslow-square, S.W. 

§Mowll, Martyn. Chaldercot, Leyburne-road, Dover. 

tMoylan, Miss V. C. 3 Canning-place, Palace Gate, W. 

*Moysey, Miss E. L. Pitcroft, Guildford, Surrey. 

§Muir, Arthur H. 2 Wellington-place, Belfast. 

*Muir, Professor James. 31 Burnbank-gardens, Glasgow. 

t{Mourr, M. M. Parrison, M.A. Gonville and Caius College, Cam- 
bridge. 

§Muir, Robert R. Grain Exchange-building, Winnipeg, Canada. 

§Muir, William. Rowallan, Newton Stewart, N.B. 

*MUIRHEAD, ALEXANDER, D.Sc., F.R.S., F.C.S. 12 Cartcret-strect, 
Queen Anne’s Gate, Westminster, S.W. 

*Muirhead, James M. P., F.R.S.E.  Markham’s-chambers, St. 
George’s-street, Cape Town. 

*Muirhead, Robert Franklin, B.A., D.Sc. 64 Great George-street, 
Hillhead, Glasgow. 

{tMullan, James. a Co. Derry. 

*MUtter, Huao, Ph.D., F.RS., F. & 8S. 13 Park-square East, 
Regent’s Park, N. W. 

{Mulligan, A. ‘Natal Mercury ’ Office, Durban, Natal. 

{Mutiiaan, Joun. (Local Sec. 1908.) Greinan, Adelaide-road, 
Kingstown, Co. Dublin. 

gMullinger, J. Bass, M.A. 1 Bene’t-place, Cambridge. 
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1898. 
1901. 


1906. 
1904. 
1909. 
1883. 


1909. 
1890. 
1909. 


1908. 
1908. 


1905 


1905. 
1891. 


1905. 
1905. 
1884. 


1903. 
1909. 


1870. 
1902. 
1902. 
1909. 
1906. 
1890. 


1886. 
1892. 
1890. 
1908. 
1905. 


1872. 
1909. 
1883. 
1898. 
1866. 


1889. 
1889. 


1901. 
1889. 


{Mumford, C. E. Cross Roads House, Bouverie-road, Folkestone. 
*Munby, Alan E. Royal Societies Club, St. James’s-street, 8.W. 
Munby, Arthur Joseph. 6 Fig Tree-court, Temple, E.C. 

{Munby, Frederick J. Whixley, York. 

{Munro, A. Queens’ College, Cambridge. 

§Munro, George. 188 Roslyn-road, Winnipeg, Canada. 

*Munro, Ropert, M.A., M.D., LL.D. (Pres. H, 1893.) Elmbank, 
Largs, Ayrshire, N.B. 

§Munson, J. H., K.C. Wellington-crescent, Winnipeg, Canada. 

{Murphy, A. J. Springfield Mount, Leeds. 

§Murphy, A. J. Vanguard Manufacturing Co., Dorrington-street, 
Leeds. 

tMurphy, Leonard. 156 Richmond-road, Dublin. 

{Murpeuy, Witu1aM M., J.P. Dartry, Dublin. 

{Murray, Charles F. K., M.D. Kenilworth House, Kenilworth, 
Cape Colony. 

tMurray, Dr. F. lLondinium, London-road, Sea Point, Cape 
Town. 

tMourray, G. R. M., F.R.S., F.R.S.E., F.L.S. 32 Market-square, 
Stonehaven, N.B. 

§Murray, Sir James, LL.D., Litt.D. Sunnyside, Oxford. 

§Murray, Lady. Sunnyside, Oxford. 

{Mourray, Sir Jonn, K.C.B., LL.D., D.Sc., Ph.D., F.R.S., F.R.S.E. 
(Pres. E, 1899.) Challenger Lodge, Wardie, Edinburgh. 

§Murray, Colonel J. D. Rowbottom-square, Wigan. 

§Murray, W. C. University of Saskatchewan, Saskatoon, Sas- 
katchewan, Canada. 

*Muspratt, Edward Knowles. Seaforth Hall, near Liverpool. 

{Myddleton, Alfred. 62 Duncairn-street, Belfast. 

*Myers, Charles §., M.A., M.D. Great Shelford, Cambridge. 

*Myers, Henry. The Long House, Leatherhead, 

tMyers, Jesse A. Glengarth, Walker-road, Harrogate. 

*Myres, Joun L., M.A., F.S.A. (Pres. H, 1909 ; Council, 1909- ), 
Professor of Greek in the University of Liverpool. 26 
Abercromby-square, Liverpool. 


{Nacer, D. H., M.A. (Local Sec. 1894.) Trinity College, Oxford. 

*Nairn, Sir Michael B., Bart. Kirkcaldy, N.B. 

tNalder, Francis Henry. 34 Queen-street, E.C. 

tNally, T. H. Temple Hill, Terenure, Co. Dublin. 

{Napier, Dr. Francis. 73 Jeppe-street, Von Brandis-square, Johan- 
nesburg. 

{tNarzgs, Admiral Sir G.S., K.C.B., R.N., F.R.S., F.R.G.S. 11 Clare- 
mont-road, Surbiton. 

§Neild, Frederic, M.D. Mount Pleasant House, Tunbridge Wells. 

*Neild, Theodore, M.A. Grange Court, Leominster. 

*Nevill, Rev. J. H. N., M.A. The Vicarage, Stoke Gabriel, South 
Devon. 

*Nevill, The Right Rev. Samuel Tarratt, D.D., F.L.S., Bishop of 
Dunedin, New Zealand. 

tNevitxe, F. H., M.A., F.R.S. Sidney College, Cambridge. 

*Newall, H. Frank, M.A., F.R.S., F.R.A.S. Madingley Rise, Cam- 
bridge. 

{Newman, F. H. Tullie House, Carlisle. 

{Newstead, A. H. L., B.A. 38 Green-street, Bethnal Green, N.E. 
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1892. 


1908. 
1908. 


1887. 
1884. 
1908. 
1908. 


1863. 


1863. 
1888. 
1883. 
1894. 
1903. 


1909. 
1908. 


1898. 
1908. 
1883. 
1858. 
1908. 
1902. 
1876. 
1885. 
1905. 
1905. 


~ 1908. 


1892. 
1893. 
1863. 


1887. 


1889. 


t{Newroy, E. T., F.R.S., F.G.S. Florence House, Willow Bridge- 
road, Canonbury, N. 

{Nicholls, W. A. 11 Vernham-road, Plumstead, Kent. 

tNichols, Albert Russell. 30 Grosvenor-square, Rathmines, Co. 
Dublin. 

tNicholson, John Carr, J.P. Moorfield House, Headingley, Leeds. 

{NicHotson, Joseru S., M.A., D.Sc. (Pres. F, 1893), Professor of 
Political Economy in the University of Edinburgh. Eden 
Lodge, Newbattle-terrace, Edinburgh. 

§Nicholson, J. W. ‘Trinity College, Cambridge. 

{Nixon, Sir CaristopHEr, Bart., M.D., LL.D., D.L. 2 Merrion- 
square, Dublin. 

*NosLz, Sir ANDREW, Bart., K.C.B., D.Sc., F.R.S., F.R.A.S., F.C.S, 
(Pres. G, 1890 ; Council, 1903-06 ; Local Sec. 1863.) Elswick 
Works, and Jesmond Dene House, Newcastle-upon-Tyne. 

§Normay, Rev. Canon ALFRED MERLE, M.A., D.C.L., LL.D., F.B.S., 
F.L.S. The Red House, Berkhamsted. 

{Norman, George. 12 Brock-street, Bath. 

*Norris, William G. Dale House, Coalbrookdale, R.S.0., Shropshire. 

§Norcurr, 8. A., LL.M., B.A., B.Se. (Local Sec. 1895.) Constitu- 
tion-hill, Ipswich. 

t{Noton, John. 45 Part-street, Southport. 

§Nugent, F. S. 81 Notre Dame-avenue, Winnipeg, Canada. 

§Nutting, Sir John, Bart. St. Helen’s, Co. Dublin. 


*Q’Brien, Neville Forth. Fryth, Pyrford, Surrey. 

{O’Carroll, Joseph, M.D. 43 Merrion-square East, Dublin. 

tOdgers, William Blake, M.A., LL.D., K.C. 15 Old-square, 
Lincoln’s Inn, W.C. 

*Op.ine, WiuiraM, M.B., F.B.S., V.P.C.S. (Pres. B, 1864 ; Council, 
1865-70), Waynflete Professor of Chemistry in the University 
of Oxford. 15 Norham-gardens, Oxford. 

§O’Farrell, Thomas A. 30 Lansdowne-road, Dublin. 

{Ogden, James Neal. Claremont, Heaton Chapel, Stockport. 

{Ogilvie, Campbell P. Lawford-place, Manningtree. 

fOcirvin, F. Grant, C.B., M.A., B.Sc., F.R.S.E. (Local Sec. 
1892.) Board of Education, 8.W. 

*Oke, Alfred William, B.A., LL.M., F.G.8., F.L.S. 32 Denmark- 
villas, Hove, Brighton. 

§Okell, Samuel, F.R.A.S. Overley, Langham-road, Bowdon, 
Cheshire. 

§Oldham, Charles Hubert, B.A., B.L., Professor of Commerce in 
the National University of Ireland. 5 Victoria-terrace, Rath- 
gar, Dublin. 

+OLpHam, H. Yuuz, M.A., F'.R.G.S., Lecturer in Geography in the 
University of Cambridge. King’s College, Cambridge. 

*OLpHAM, R. D., F.G.S., Geological Survey of India. Care of 
Messrs. H. S. King & Co., 9 Pall Mall, S.W. 

{Ourver, Danrex, LL.D., I.R.S., F.L.S., Emeritus Professor of 
Botany in University College, London. 10 Kew Gardens- 
road, Kew, Surrey. 

jOurver, F. W., D.Sc., F.R.S., F.L.S. (Pres. K, 1906), Professor 
of Botany in University College, London. 137 Church- 
street, Chelsea, S.W. 

{Oliver, Professor Sir Thomas, M.D. 7 Ellison-place, Newcastle- 
upon-T'yne. 
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§Olsen, O. T., D.Sc., F.LS., FLR.A.S., FLR.G.S. 116 St. Andrew’s- 
terrace, Grimsby. 

*Ommanney, Rev. E. A. St. Michael’s and All Angels, Portsea, 
Hants. : 

{O’Neill, Rev. G., M.A. University College, St. Stephon’s Green, 
Dublin. 

tO’Neill, Henry, M.D. 6 College-square East, Belfast. 

{O’Reilly, Patrick Joseph. 7 North Earl-street, Dublin. 

{O’Riley, J. C. 70 Barnet-street, Gardens, Cape Town. 

*Orpen, Rev. T. H.,M.A. The Vicarage, Great Shelford, Cambridge. 

{Orr, Alexander Stewart. Care of Messrs. Marsland, Price, & Co., 
Nesbit-road, Mazagon, Bombay, India. 

tOrr, Professor John. Transvaal Technical Institute, Johannesburg, 

§Orr, John B. Crossacres, Woolton, Liverpool. 

*Orr, William. Dungarvan, Co. Waterford. 

*Orton, K. J. P., M.A., Ph.D., Professor of Chemistry in University 
College, Bangor. 

tOsborn, Philip B. P.O. Box 4181, Johannesburg. 

t{Osborne, W. A., D.Sc. University College, W.C. 

{O’Shaughnessy, T. L. 64 Fitzwilliam-square, Dublin. 

{O’Shea, L. T., B.Sc. University College, Sheffield. 

*Osler, Henry F. Coppy-hill, Linthurst, near Bromsgrove, Bir- 
mingham. 

{Oster, Witt1aM, M.D., LL.D., F.R.S., Regius Professor of Medicine 
in the University of Oxford. University Museum, Oxford. 

*Ottewell, Alfred D. 14 Mill Hill-road, Derby. i 

{Oulton, W. Hillside, Gateacre, Liverpool. 

tOwen, Rev. E. C. St. Peter’s School, York. 

*Owen, Edwin, M.A. ‘Terra Nova Schoo!, Birkdale, Lancashire. 

*Qwen, Alderman, H. C. Compton, Wolverhampton. 

tOwen, Peter. The Elms, Capenhurst, Chester. 


§Pace, F. W. 388 Wellington-crescent, Winnipeg, Canada. 

{Pack-Beresford, Denis, M.R.I.A. Fenagh House, Bagenalstown, 
Treland. 

§Page, Carl D. Wyoming House, Aylesbury, Bucks. 

*Page, Miss Ellen Iva. Turret House, Felpham, Sussex. 

*PALGRAVE, Sir Roperrt Haxgxy Ine 1s, F.R.S., F.S.S. (Pres. F, 
1883.) Henstead Hall, Wrentham, Suffolk. 

{Pallis, Alexander. Tatoi, Aigburth-drive, Liverpool. 

*Palmer, Joseph Edward. Royal Societies Club, St. James’s-street, 
S.W 


§Palmer, William. Waverley House, Waverley-street, Notting- 
ham. 

*Parke, George Henry, F.L.S., F.G.S. Care of W. T. Cooper, Esq., 
Aysgarth, The Mall, Southgate, N. 

{Parker, E. H., M.A. Thorneycreek, Herschel-road, Cambridge. 

{Parker, Hugh. P.O. Box 200, Pietermaritzburg, Natal. 

{Parker, John. 37 Hout-street, Cape Town. 

§Parker, M. A., B.Sc., F.C.S. (Local Sec. 1909), Professor of 
Chemistry in the University of Manitoba, Winnipeg, Canada. 

{Parker, Witt1amM NewrTon, Ph.D., F.Z.S., Professor of Biology in 
University College, Cardiff. 

*Parkes, Tom E. P.O. Box 4580, Johannesburg, 

*Parkin, John. Blaithwaite, Carlisle. ? 

*Parkin. Thomas. Blaithwaite, Carlisle. 
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1906. §Parkin, Thomas, M.A., F.Z.8., F.R.G.S. Fairseat, High Wick- 
ham, Hastings. 

1879. *Parkin, William. The Mount, Sheffield. 

1903. {Parry, Joseph, M.Inst.C.E. Woodbury, Waterloo, near Liverpool. 

1908. {Parry, W. K., M.Inst.C.E. 6 Charlemont-terrace, Kingstown, 
Dublin. 

1878. {Parsons, Hon. C. A., C.B., M.A., Sc.D., F.R.S., M.Inst.C.E. 
(Pres. G, 1904.) Holeyn Hall, Wylam-on-Tyne. f 

1904. {Parsons, Professor F. G. St. Thomas’s Hospital, S.E. 

1905. *Parsons, Hon. Geoffrey L. Northern Counties Club, Newcastle-on- 
Tyne. 

1898. *Partridge, Miss Josephine M. 15 Grosvenor-crescent, S.W. 

1887. {Paterson, A. M., M.D., Professor of Anatomy in the University 
of Liverpool. 

1908. {Paterson, M., LL.D. 7 Halton-place, Edinburgh. 

1909. §Paterson, William. Ottawa, Canada, 

1897. {Paton, D. Noél, M.D. Physiological Laboratory, The University, 
Glasgow. 

1883. *Paton, Rev. Henry, M.A. 120 Polwarth-terrace, Edinburgh, 

1884, *Paton, Hugh. Box 2400, Montreal, Canada. 

1908. §Patten, C. J., M.A., M.D., Sc.D. The University, Sheffield. 

1874. {Patterson, W. H., M.R.I.A. 26 High-street, Belfast. 

1879. *Patzer, F. R. Clayton Lodge, Newcastle, Staffordshire. 

1883. {Paul, George. 32 Harlow Moor-drive, Harrogate. 

1863, {Pavy, FrepErick Wituiam, M.D., LL.D., F.R.S. 35 Grosvenor- 

} street, W. 

1887. *Paxman, James. Standard Iron Works, Colchester. 

1887. *Payne, Miss Edith Annie. Hatchlands, Cuckfield, Hayward’s 
Heath. 

1877. *Payne, J. C. Charles, J.P. Aibion-place, The Plains, Belfast. 

1881. {Payne, Mrs. Albion-place, The Plains, Belfast. 

1888. *Paynter, J. B. Hendford Manor, Yeovil. : 

1876. {Peace, G. H., M.Inst.C.E. Monton Grange, Eccles, near Man- 
chester. . 

1906. {Peace, Miss Gertrude. 39 Westbourne-road, Sheffield. 

1885. {Puacu, B. N., F.R.S., F.B.S.E., F.G.S. Geological Survey Office, 
Edinburgh. 

1886. *Pearce, Mrs. Horace. Collingwood, Manby-road, West Malvern. 

1905. {Pearse, 8. P.O. Box 149, J ohannesburg. 

1883, {Pearson, Arthur A., C.M.G. Hillsborough, Heath-road, Petersfield, 
Hampshire. 

1893. *Pearson, Charles E. Hillcrest, Lowdham, Nottinghamshire. 

1898. §Pearson, George. Bank-chambers, Baldwin-street, Bristol. 

1905. §Pearson, Professor H. H. W., M.A., F.L.S8. South African College, 
Cape Town. 

1883. {Pearson, Miss Helen B. Oakhurst, Birkdale, Southport. 

1906. §Pearson, Joseph. The University, Liverpool. 

1904. {Pearson, Karl, M.A., F.R.S., Professor of Applied Mathematics in 
University College, London, W.C. 

1909. §Pearson, William. Wellington-crescent, Winnipeg, Canada. 

Peckitt, Henry. Carlton Husthwaite, Thirsk, Yorkshire, 

1855. *Pecxover, Lord, LL.D., F.S.A., F.LS8., F.R.G.S. Bank House, 
Wisbech, Cambridgeshire. 

1888, {Peckover, Miss Alexandrina. Bank House, Wisbech, Cambridge- 
shire. 

1885. {Peddie, William, Ph.D., F.R.S.E., Professor of Natural Philosophy 

CoM in University College, Dundee, 
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1884. 
1878. 
1901. 
1905. 
1905. 
1887. 


1894. 
1896. 
1898. 
1898. 
1908. 
1905. 
1894, 


1902. 
1884. 


1864. 
1898. 
1909. 


1874. 


1904. 
1900. 


1901. 
1895. 


1871. 
1863. 


1903. 
1905. 
1853. 
1877. 


1905. 
1899. 


1894. 


1902. 
1890. 


1909. 
1905. 
1883. 
1901. 
1885. 


{Peebles, W. E. 9 North Frederick-street, Dublin. 

*Peek, William. Dorman’s Park, near East Grinstead. 

*Peel, Hon. William, M.P. 13 King’s Bench-walk, Temple, E.C. 

§Peirson, J. Waldie. P.O. Box 561, Johannesburg. 

§Pemberton, Gustavus M. P.O. Box 93, Johannesburg. 

{PenpLEBURY, Wittiam H., M.A., F.C.S. (Local Sec. 1899.) 
Woodford House, Mountfields, Shrewsbury. 

{Pengelly, Miss. Lamorna, Torquay. 

tPennant, P. P. Nantlys, St. Asaph. 

{Pentecost, Rev. Harold, M.A. The School, Giggleswick, Yorkshire, 

{Percival, Francis W., M.A., F.R.G.S. 1 Chesham-street, 8.W. 

tPercival, Professor John, M.A. University College, Reading. 

tPéringuey, L., D.Se., F.Z.S. South African Museum, Cape Town. 
tPerny, A. G., F.R.S., F.R.S.E., F.C.S., F.1.C. 8 Montpelier- 
terrace, Hyde Park, Leeds. 

*Perkin, F. Mollwo, Ph.D. The Firs, Hengrave-road, Honor Oak 
Park, S.E. 

tPerxrn, Witu1am Henry, LL.D., Ph.D. F.RS., F.R.S.E. 
(Pres. B, 1900; Council, 1901-07), Professor of Organic 
Chemistry in the Victoria University, Manchester. Fair- 
view, Wilbraham-road, Fallowfield, Manchester. 

*Perkins, V. R. Wotton-under-Edge, Gloucestershire. 

*Perman, E. P., D.Sc. University College, Cardiff. 

§Perry, Rey. Professor E. Guthrie. 246 Kennedy-street, Winnipeg, 
Canada. 

*Pprry, JoHN, M.E., D.Sc., LL.D., F.R.S. (GENERAL TREASURER, 
1904-  ; Pres. G, 1902; Council, 1901-04), Professor of 
Mechanics and Mathematics in the Imperial College of Science, 
S.W. 

*Pertz, Miss D. F. M. 2 Cranmer-road, Cambridge. 

*Petavel, J. E., M.Sc., F.R.S., Professor of Engineering in the 
University of Manchester. 

{Pethybridge, G. H. Royal College of Science, Dublin. 

{Perris, W. M. Fimpers, D.C.L., F.R.S. (Pres. H, 1895), Professor 
of Egyptology in University College, W.C. 

*Peyton, John E, H., F.R.A.S., F.G.S. Vale House, St. Helier’s, 
Jersey. : 

*PyHENE, JOHN SaMuEL, LL.D., F.S.A., F.G.S., F.R.G.S. 5 Carlton- 
terrace, Oakley-street, S.W. 

{Philip, James C. 20 Westfield-terrace, Aberdeen. 

{Philip, John W. P.O. Box 215, Johannesburg. 

*Philips, Rev. Edward. Hollington, Uttoxeter, Staffordshire. 

§Philips, T. Wishart. Elizabeth Lodge, Crescent-road, South 
Woodford, Essex. 

tPhillimore, Miss C. M. Shiplake House, Henley-on-Thames. 

*Phillips, Charles E. 8., F.R.S.E. Castle House, Shooter’s Hill, 
Kent. 

{Phillips, Staff-Commander E. C. D., R.N., F.R.G.S. 14 Har- 
greaves-buildings, Chapel-street, Liverpool. 

{Phillips, J. St. J., BE. 64 Royal-avenue, Belfast. 

{Phillips, R. W., M.A., D.Se., F.L.S., Professor of Botany in Uni- 
versity College, Bangor. 2 Snowdon-villas, Bangor. 

*Phillips, Richard. 15 Dogpole, Shrewsbury. 

{Phillp, Miss M. E. de R., B.Sc. 12 Crescent-grove, Clapham, 8.W, 

*Pickard, Joseph William. Oatlands, Lancaster. 

§Pickard, Robert H., D.Sc. Isca, Merlin-road, Blackburn. 

*PICcKERING, Spencer P, U., M.A., F.R.S. Harpenden, Herts, 
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1884, *Pickett, Thomas E.,M.D. Maysville, Mason Co., Kentucky, U.S.A. 
1907. {Pickles, A. R., M.A. Todmorden-road, Burnley. 
1888. *Pidgeon, W. R. Lynsted Lodge, St. Edmund’ s-terrace, Regent’s 
Park, N.W. 
1865. {Prxe, L. Owen. 10 Chester-terrace, Regent's Park, N.W. 
1896. *Pilkington, A.C. Rocklands, Rainhill, Lancashire. 


1905. 
1896. 
1905. 
1908. 
1908. 
1909. 
1893. 
1908. 
1900. 
1898. 
1908. 


1908. 
1907. 


1900. 
1904. 
1908. 
1862. 
1906. 


1907. 
1900. 


1892. 
1901. 


1883. 
1905. 


1905. 
1883. 


1906. 
1907. 
1908. 


1886. 


1905. 
1898. 


1905. 


tPilling, Arnold. Royal Observatory, Cape Town. — 

*Pilling, William. Rosario, Heene-road, West Worthing. 

{Pim, Miss Gertrude. Charleville, Blackrock, Co. Dublin. 

*Pio, Professor D. A. 14 Leverton-street, Kentish Town, N.W. 

$Pirrie, The Right Hon. Lord, LL.D., M.Inst.C.E. Downshire House, 
Belgrave-square, S.W. 

§Pitblado, Isaac, K.C. 91 Balnioral-place, Winnipeg, Canada. 

*Pirr, WaLtER, M.Inst.C.E. Lansdown Grove Lodge, Bath. 

§Pixell, Miss Helen L. M. St. Faith’s Vicarage, Stoke Newington, N. 

*Platts, Walter. Fairmount, Bingley. 

§Plummer, W. E., M.A., F'.R.A.S. The Observatory, Bidston, 
Birkenhead. 

{Plunkett, Count G. N. National Museum of Science and Art, 
Dublin. 

{Plunkett, Colonel G. T.,C.B. Belvedere Lodge, Wimbledon, 8.W. 

*PLuNKETT, Right Hon. Sir Horacz, K.C.V.0O., M.A., F.R.S. 
Kilteragh, Foxrock, Co. Dublin. 

*Pocklington, H. Cabourn, M.A., D.Se., F.R.S. 11 Regent’s Park- 
terrace, Leeds. 

{Pollard, William. 12 Aberdare-gardens, South Hampstead, N.W. 

{Pollok, James H., D.Sc. 6 St. James’s-terrace, Clonshea, Dublins 

*Polwhele, Thomas Roxburgh, M.A., F.G.S. Polwhele, Truro, 
Cornwall. 

*Pontifex, Miss Catherine E. The Chestnuts, Mulgrave-road, 
Sutton, Surrey. 

§Pope, Alfred, F.S.A. South Court, Dorchester. 

*Porr, W. J., F.R.S., Professor of Chemistry in the University of 
Cambridge. 

tPopplewell, W. C., M.Sc. Assoc.M.Inst.C.E. Bowden-lane, 
Marple, Cheshire. 

§Porter, Alfred W., B.Sc. 87 Parliament Hill-mansions, Lissenden- 
gardens, N.W. 

*Porter, Rev. C. T., LL.D., D.D. All Saints’ Vicarage, Southport. 

§Porter, J. B., Ph.D., M.Inst.C.E., Professor of Mining Engineering 
in the McGill University, Montreal, Canada. 

{Porter, Mrs. McGill University, Montreal, Canada. 

{Porrer, M. C., M.A., F.L.S., Professor of Botany in the Arm- 
strong College, Newcastle-upon-Tyne. 13 Highbury, New- 
castle-upon-Tyne. 

{Potter-Kirby, Alderman George. Clifton Lawn, York. 

+Potts, F. A. University Museum of Zoology, Cambridge. 

*Potts, George, Ph.D., M.Sc. Grey University College, Bloem- 
fontein, South Africa, 

*PouLton, Epwarp B., M.A., F.B.S., F.L.S., F.G.S., F.Z.8. (Pres. D, 
1896 ; Council, 1895-1901, 1905- ), Professor of Zoology in 
the University of Oxford. Wykeham House, Banbury-road, 
Oxford. 

{Poulton, Mrs. Wykeham House, Banbury-road, Oxford. 

*Poulton, Edward Palmer, M.A. Wykeham House, Banbury-road, 
Oxford. 

tPoulton, Miss. Wykeham House, Banbury-road, Oxford, 
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1905. {Poulton, Miss M. Wykeham House, Banbury-road, Oxford. 

1873. *Powell, Sir Francis S., Bart., M.P., F.R.G.S. Horton Old Hall, 
Yorkshire ; and 1 Cambridge-square, W. 

1894. *Powell, Sir Richard Douglas, Bart., M.D. 62 Wimpole-street, 
Cavendish-square, W. 

1887. §Pownall, George H. 20 Birchin-lane, E.C. 

1883. {Poyntine, J. H., D.Sc., F.R.S. (Pres. A, 1899), Professor of 
Physics in the University of Birmingham. 10 Ampton-road, 
Edgbaston, Birmingham. 

1908. {Praeger, R. Lloyd, B.A., M.R.LA. Lisnamae, Rathgar, Dublin. 

1907. *Prarn, Lieut.-Col. Davip, C.LE., M.B., F.R.S. (Pres. K, 1909; 
Council, 1907- .) Royal Gardens, Kew. 

1884. *Prankerd, A. A., D.C.L. 66 Banbury-road, Oxford. 

1906. {Pratt, Miss Edith M., D.Sc. The Woodlands, Silverdale, Lancashire, 

1869. *Preece, Sir Wiiuram Henry, K.C.B., F.R.S., M.Inst.C.E. 
(Pres. G, 1888 ; Council, 1888-95, 1896-1902.) Gothic Lodge, 

c Wimbledon Common, 8.W. 

1888. *Preece, W. Llewellyn. Bryn Helen, Woodborough-road, Putney, 
S.W. 

1904. §Prentice, Mrs. Manning. ‘Thelema, Undercliff-road, Felixstowe. 

1892. {Prentice, Thomas. Willow Park, Greenock. F 

1910. §Prescorr, R. M. (Local Sec., 1910.) Town Hall, Sheffield. 

1906. {Pressly, D. L. Coney-street, York. 

1889. {Preston, Alfred Eley, M.Inst.C.E., F.G.8. 14 The Exchange, 
Bradford, Yorkshire. 

1903. §Price, Edward E. Oaklands, Oaklands-road, Bromley, Kent. 

1888. {Pricz, L. L. F. R., M.A., F.S.S. (Pres. F, 1895 ; Council, 1898 - 
1904.) Oriel College, Oxford. ; 

1875. *Price, Rees. 163 Bath-street, Glasgow. 

1897. *Pricn, W. A., M.A. 38 Gloucester-road, Teddington. 

1908. §Priestley, J. H. University College, Bristol. 

1909. *Prince, Professor E. E. Ottawa, Canada. 

1905. {Prince, James Perrott, M.D. Durban, Natal. 

1889. *Pritchard, Eric Law, M.D., M.R.C.S. 70 Fairhazel-gardens, South 

ee Hampstead, N.W. 

1876. *PrircHaRD, Ursan, M.D., F.R.C.S. 26 Wimpole-street, W. 

1881. §Procter, John William. Ashcroft, York. 

1884. *Proudfoot, Alexander, M.D. 100 State-street, Chicago, U.S.A. 

1879. *Prouse, Oswald Milton, F.G.S. Alvington, Ilfracombe. 

1907. §Pryce, George Arthur. Care of Philip Harris & Co., Limited, 
144 Edmund-street, Birmingham. 

1872. *Pryor, M. Robert. Weston Park, Stevenage, Herts. 

1867. *Pultlar, Sir Robert, M.P., F.R.S.E. Tayside, Perth. 

1883. *Pullar, Rufus D., F.C.S.  Brahan, Perth. 

1903. [Pullen-Burry, Miss. 28 Fairholme-road, West Kensington, W. 

1904. {Punnett, R. C. Caius College, Cambridge. 

1905. {Pureell, W. F., M.A., Ph.D. South African Museum, Cape Town. 

1905. {Purcell, Mrs. W. F. South African Museum, Cape Town. 

1885. {Purp1s, Tuomas, B.Sc., Ph.D., F.R.S., Professor of Chemistry in the 
University of St. Andrews. 14 South-street, St.Andrews, N.B. 

1881. {Purey-Cust, Very Rev. Arthur Percival, M.A., Dean of York. The 
Deanery, York. 

1874. {PursuR, FrepERIcK, M.A. Rathmines Castle, Dublin. p 

1866. {PuRsER, Professor Joun, M.A., LL.D., M.R.I.A. (Pres. A, 1902.) 
Rathmines Castle, Dublin. : 

1884. *Purves, W. Laidlaw. 20 Stratford-place, Oxford-street, W. 

1905. {Purvis, Mr. P.O. Box 744, Johannesburg. : 
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1883. 
1883. 
1868. 


1879. 


1893. 
1906. 


1855. 
1887. 
1905. 
1905. 
1898. 


1896. 
1894, 


1908. 
1876. 


1883. 
1869. 
1907. 
1868. 
1861. 


1903. 
1892. 
1874. 
1908. 


1905. 
1868. 


1883. 
1897. 


1907. 
1896. 


1902. 
1884. 


1852. 
1890. 


*Pusey, S. E. B. Bouverie. Pusey House, Faringdon. 

*Pye, Miss E. St. Mary’s Hall, Rochester. 

§Pye-Smith, Arnold. 32 Queen Victoria-street, E.C. 

tPye-Smith, Mrs. 32 Queen Victoria-street, E.C. 

{Pyu-Smirs, P. H., M.D., F.R.S. 48 Brook-street, W. ; and Guy’s 
Hospital, 8.E. 

tPye-Smith, R. J. 350 Glossop-road, Sheffield. 


{Quick, James. 36 Kingsworth-gardens, Folkestone. 
*Quiggin, Mrs. A. Hingston. 88 Hartington-grove, Cambridge. 


*Radstock, The Right Hon. Lord. Mayfield, Woolston, Southampton. 
*Ragdale, John Rowland. The Beeches, Stand, near Manchester. 
tRaine, Miss. P.O. Box 788, Johannesburg. 

tRaine, Robert. P.O. Box 1091, Johannesburg. 

*Raisin, Miss Catherine A., D.Sc., Bedford College, York-place, 
Baker-street, W. 

*Ramaae, Huen, M.A. The Technical Institute, Norwich. 

*Rampaut, ArtHuR A., M.A., D.Sc., F.R.S., F.R.A.S., M.R.LA. 
Radcliffe Observatory, Oxford. 

{Rambaut, Mrs. Radcliffe Observatory, Oxford. 

*Ramsay, Sir Wituiam, K.C.B., Ph.D., D.Sc., F.R.S. (Pres. B, 
1897; Council, 1891-98), Professor of Chemistry in Uni- 
versity College, London. 19 Chester-terrace, Regent’s Park, 
N.W 


tRamsay, Lady. 19 Chester-terrace, Regent’s Park, N.W. 

*Rance, H. W. Henniker, LL.D. 10 Castletown-road, W. 

tRankine, A. O. 21 Drayton-road, West Ealing, W. 

*Ransom, Edwin, F.R.G.S. 24 Ashburnham-road, Bedford. 

}Ransome, Arruur, M.A., M.D., F.R.S. (Local Sec. 1861.) Sunny- 
hurst, Deane Park, Bournemouth. 

§Rastall, R. H. Christ’s College, Cambridge. 

*Rathbone, Miss May. Backwood, Neston, Cheshire. 

t{RavensteIn, E. G., F.R.G.S., F.S.S. (Pres. E, 1891.) 2 York- 
mansions, Battersea Park, S.W. 

*Raworth, Alexander. Fairholm, Uppingham-road, Leicester. 

tRawson, Colonel Herbert E., R.E. Army Headquarters, Pretoria. 

*RayieiaH, The Right Hon. Lord, O.M., M.A., D.C.L., LL.D., 
F.R.S., F.R.AS., F.R.G.S. (Presmpent, 1884; Truster, 
1883- ; Pres. A, 1882; Council, 1878-83), Professor of 
Natural Philosophy in the Royal Institution, London. Terling 
Place, Witham, Essex. 

*Rayne, Charles A., M.D., M.R.C.S. St. Mary’s Gate, Lancaster. 

*Rayner, Edwin Hartree, M.A. Elm Lodge, Queen’s-road, Ted- 
dington, Middlesex. 

§Rea, Carleton, B.C.L. 34 Foregate-street, Worcester. 

*ReEab, CuHaRueEs H., LL.D., F.S.A. (Pres. H, 1899.) British Museum, 
W.C. 


tReade, R. H. Wilmount, Dunmurry, 

§Readman, J. B., D.Sc., F.R.S.E.  Staffield Hall, Kirkoswald, 
R.S.O., Cumberland. 

*REDFERN, Professor Perzr, M.D. (Pres. D, 1874.) Templepatrick 
House, Donaghadee, Co. Down. 

*Redwood, Sir Boverton, F.R.S.E., F.C.S. Wadham Lodge, 
Wadham-gardens, N.W. 
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1908. 


1905. 
1891. 
1894. 
1891. 


1903. 
1906. 


1901. 
1904. 
1881. 


1883. 
1903. 


1892. 
1908. 


1901. 
1901. 
1909. 
1904. 
1897. 
1909. 
1887. 
1875. 


1894. 
1891. 


1903. 


1889. 
1906. 


1905. 
1905. 
1905. 
1904. 
1905. 


1883. 
1871. 
1900. 
1870. 
1906. 
1907. 


1877. 
1899. 


§Reed, Sir Andrew, K.C.B., C.V.0., LL.D. 23 Fitzwilliam-square, 
Dublin. 

§Reed, J. Howard, F.R.G.S. 16St. Mary’s Parsonage, Manchester. 

*Reed, Thomas A. Bute Docks, Cardiff. 

*Rees, Edmund 8. G. Dunscar, Oaken, near Wolverhampton. 

*Rees, I. Treharne, M.Inst.C.E. Blaenypant, near Newport, Mon- 
mouthshire. 

§Reeves, E. A., F.R.G.S. 1 Savile-row, W. 

*Reichel, Sir H. R., LL.D., Principal of University College, Bangor. 
Penrallt, Bangor, North Wales. 

*Reid, Andrew T. 10 Woodside-terrace, Glasgow. 

tReid, Arthur H. 30 Welbeck-street, W. 

§Reid, Arthur S., M.A., F.G.S. Trinity College, Glenalmond, 
N.B 


*REID, CLEMENT, F.R.S., F.LS., F.G.8. 28 Jermyn-street, S.W. 
*Reid, Mrs. E. M., B.Sc. 7 St. James’s-mansions, West End-lane, 
N.W 


Rep, E. Waymourn, B.A., M.B., F.R.S., Professor of Physiology 
in University College, Dundee. 

§Rrip, Grorcr ArcHDALL, M.B., C.M., F.R.S.E. 9 Victoria-road 
South, Southsea. 

*Reid, Hugh. Belmont, Springburn, Glasgow. 

tReid, John. 7 Park-terrace, Glasgow. 

§Reid, John Young. 329 Wellington-crescent, Winnipeg, Canada. 

{Reid, P. J. Moor Cottage, Nunthorpe, R.S.O., Yorkshire. 

tReid, T. Whitehead, M.D. St. George’s House, Canterbury. 

§Reid, Walter A. Woodbank, Aberdeen. 

*Reid, Walter Francis. Fieldside, Addlestone, Surrey. 

tRermo.p, A. W., M.A., F.R.S. (Council, 1890-95), Professor of 
Physics in the Royal Naval College, Greenwich, S.E. 

{Rendall, Rev. G. H., M.A., Litt.D. Charterhouse, Godalming. 

*Rendell, Rev. James Robson, B.A. Whinside, Whalley-road, 
Accrington. 

*RENDLE, Dr. A. B., M.A., F.R.S., F.L.S. 28 Holmbush-road, 
Putney, S.W. 

*Rennie, George B. 20 Lowndes-street, S.W. 

tRennie, John, D.Sc. Natural History Department, University of 
Aberdeen. 

*Renton, James Hall. Rowfold Grange, Billinghurst, Sussex. 

{Reunert, Clive. Windybrow, Johannesburg. 

{Reunert, John. Windybrow, Johannesburg. 

{REvnERT, THEopoRE, M.Inst.C.E. P.O. Box 92, Johannesburg. 

§Reyersbach, Louis. Care of Messrs. Wernher, Beit, & Co., 

1 London Wall-buildings, E.C. 

*Reynolds, A. H. 271 Lord-street, Southport. 

{Rrynotps, James Emerson, M.D., D.Sc, F.RS., F.C.S., 
M.R.I.A. (Pres. B, 1893 ; Council, 1893-99.) 29 Campden 
Hill-court, W. 

*Reynolds, Miss K. M. 8 Darnley-road, Notting Hill, W. 

*REYNOLDS, Ossornez, M.A., LL.D., F.R.S., M.Inst.C.E. (Pres. G, 
1887.) St. Decuman’s, Watchet, Somerset. 

tReynolds, 8. H., M.A., Professor of Geology and Zoology in 
University College, Bristol. 

§Reynolds, W. Birstall Holt, near Leicester. 

*Rhodes, John. 360 Blackburn-road, Accrington, Lancashire. 

ie ee Sir Jonny, D.Sc. (Pres. H, 1900.) Jesus College, 
Oxford, 
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1877. *Riccardi, Dr. Paul, Secretary of the Society of Naturalists, Riva 
Muro 14, Modena, Italy. : 

1905. §Rich, Miss Florence, M.A. Granville School, Granville-read, 
Leicester. 

1906. {Richards, Rev. A. W. 12 Bootham-terrace, York. 

1869. *Richardson, Charles. 3 Cholmley-villas, Long Ditton, Surrey. 

1884. *Richardson, George Straker. Isthmian Club, Piccadilly, W. 

1889. {Richardson, Hugh, M.A. 12 St. Mary’s, York. 

1884. *Richardson, J. Clarke. Derwen Fawr, Swansea. 

1896. *Richardson, Nelson Moore, B.A., F.E.S. Montevideo, Chickerell, 
near Weymouth. 

1901. *Richardson, Professor Owen Willans. 25 Bank-street, Princetown, 
N.J., U.S.A. 

1876. §Rictardson, William Haden. City Glass Works, Glasgow. 

1891. §Riches, T. Hurry. 8 Park-grove, Cardiff. 

1883. *RipEaL, SamueEt, D.Sc., F.C.S. 28 Victoria-street, S.W. 

1902. §Ripaeway, Wituiam, M.A., D.Litt., F.B.A. (Pres. H, 1908), 
Professor of Archeology in the University of Cambridge. 
Flendyshe, Fen Ditton, Cambridge. 

1894. {Riptey, E.P., F.G.S. (Local Sec. 1895.) Burwood, Westerfield- 
road, Ipswich. 

1881. *Rigg, Arthur. 150 Blomfield-terrace, W. 

1883. *Riac, Epwarp, I.8.0., M.A. Royal Mint, E. 

1892. tRintoul, D., M.A. Clifton College, Bristol. 

1905. {Ritchie, Professor W., M.A. South African College, Cape Town. 

1903. *Rivers, W. H. R., M.D., F.R.S. St. John’s College, Cambridge. 

1908. *Roaf, Herbert E., M.D. Physiological Department, The University, 
Liverpool. 

1898. *Robb, Alfred A. Lisnabreeny House, Belfast. 

1902. *Roberts, Bruno. 30 St. George’s-square, Regent’s Park, N.W. 

1887. *Roberts, Evan. 30 St. George’s-square, Regent’s Park, N.W. 

1881. {Roberts, R. D., M.A., D.Sc., F.G.S. University of London, South 
Kensington, S.W. 

1893. {Roberts, Thomas J. Ingleside, Park-road, Huyton, near Liverpool. 

1904. *Robertson, Miss Agnes, D.Sc. 9 Elsworthy-terrace, Primrose Hill, 
N.W. 


1897. §RopeRTsoN, Sir Guorcu S., K.C.S.I. (Pres. E, 1900.) 1 Pump- 
court, Temple, E.C. 

1905. Robertson, Dr. G. W. Office of the Medical Officer of Health, 
Cape Town. 

1897. §Robertson, Professor J. W., C.M.G., LL.D. The Macdonald 
College, St. Anne de Bellevue, Quebec, Canada. 

1901. *Robertson, Robert, B.Sc., M.Inst.C.E. 154 West George-strect, 


Glasgow. 

1905. {Robertson, Professor T. E. Transvaal Technical Institute, 
Johannesburg. 

1898. { Robinson, Charles E., M.Inst.C.E. Holne’Cross, Ashburton, South 
Devon. 


1909. §Robinson, E. M. 381 Main-street, Winnipeg, Canada, 

1903. {Robinson, G. H. 1 Weld-road, Southport. 

1905. {Robinson, Harry. Duncan’s-chambers, Shortmarket-street, Cape 
Town. 

1887. §Robinson, Henry, M.Inst.C.E, Parliament-mansions, Victoria- 
street, S.W. 

1902, {Robinson, Herbert C. Holmfield, Aigburth, Liverpool. 

1906. {Rosrnson, H. H., M.A., P.LC. 75 Finborough-road, 8.W. 

1902. {Robinson, James, M.A., F.R.G.S. Dulwich College, Dulwich, 8.E. 
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1888, 
1908. 
1910. 


1895. 
1905. 
1899. 
1875. 
1908. 
1904. 
1909. 
1909. 
1904. 
1870. 


1906. 
1872. 
1885. 
1885. 


1905. 
1907. 
1908. 


1905. 
1898. 


1907. 
1890. 


1906. 
1909. 
1884. 
1876. 


1905. 
1855. 


1905. 
1905. 
1883. 


1905. 
1894. 


1905. 


1905. 
1905. 
1905. 
1900. 
1909. 
1859. 
1908. 


1902. 


tRobinson, John, M.Inst.C.E. 8 Vicarage-terrace, Kendal. 
*Robinson, John Gorges. Cragdale, Settle, Yorkshire. 
§Robinson, John Hargreaves. Cable Ship ‘ Norseman,’ Western 
Telegraph Co., Caixa no Correu No. 117, Pernambuco, Brazil. 
*Robinson, Joseph Johnson. 8 Trafalgar-road, Birkdale, Southport. 
tRobinson, Dr. Leland. 6 Victoria-walk, Woodstock, Cape Town. 
*Robinson, Mark, M.Inst.C.E. 9 Belsize-grove, N.W. 
*Robinson, Robert, M.Inst.C.E. Beechwood, Darlington. 
{Robinson, Robert. Field House, Chesterfield. 
{tRobinson, Theodore R. 25 Campden Hill-gardens, W. 
§Robinson, Captain W. 264 Roslyn-road, Winnipeg, Canada. 
§Robinson, Mrs. W. 264 Roslyn-road, Winnipeg, Canada. 
tRobinson, W. H. Kendrick House, Victoria-road, Penarth. 
*Robson, E. R. Palace Chambers, 9 Bridge-street, Westminster, 
WwW. 


§Robson, 7. Nalton. The Villa, Hull-road, York. 

*Robson, William. 5 Gillsland-road, Merchiston, Edinburgh. 

*Rodger, Edward. 1 Clairmont-gardens, Glasgow. 

*Rodriguez, Epifanio. New Adelphi Chambers, 6 Robert-street, 
Adelphi, W.C. 

tRoebuck, William Denison. 259 Hyde Park-road, Leeds. 

{Roechling, H. Alfred, M.Inst.C.E. 39 Victoria-street, S.W. 

§Rogers, A.G. L. Board of Agriculture and Fisheries, 8 Whitehall- 
place, S.W. 

§Rogers, A. W., M.A., F.G.S. South African Museum, Cape Town. 

tRogers, BerrramM, M.D. (Local Sec. 1898.) 11 York-place, 
Clifton, Bristol. 

tRogers, John D. 85 St. George’s-square, S.W. 

*Rogers, L. J., M.A., Professor of Mathematics in the University of 
Leeds. 15 Regent Park-avenue, Leeds. 

§Rogers, Reginald A. P. 142 Leinster-road, Dublin. 

§Rogers, Hon. Robert. Roslyn-road, Winnipeg, Canada. 

*Rogers, Walter. Lamorva, Falmouth. 

tRotuir, Sir A. K., B.A., LL.D., D.C.L., F.R.A.S., Hon. Fellow 
K.C.L. 45 Belgrave-square, S.W. 

tRooth, Edward. Pretoria. 

*Roscoz, The Right Hon. Sir Hnnry Enrretp, B.A., Ph.D., LL.D., 
D.C.L., F.R.S.  (PreEsrpent, 1887; Pres. B, 1870, 1884; 
Council, 1874-81 ; Local Sec. 1861.) 10 Bramham-gardens, S.W. 

tRose, Miss G. 45 De Pary’s-avenue, Bedford. 

Rose, Miss G. Mabel. Ashley Lodge, Oxford. 

*Rose, J. Holland, Litt.D. Ethandune, Parkside-gardens, Wim- 
bledon, S.W. 

tRose, John G. Government Analytical Laboratory, Cape Town. 

*Rosz, T. K., D.Sc., Chemist and Assayer to the Royal Mint. 
6 Royal Mint, E. 

*Rosedale, Rev. H. G., D.D., F.S.A. St. Peter’s Vibarage; 13 Lad- 
broke-gardens, W. 

*Rosedale, Rev. W. E., M.A. Willenhall, Staffordshire. 

tRosen, Jacob. 1 Hopkins. street, Yeoville, Transvaal. 

{Rosen, Julius. Clifton Grange, Jarvie-street, Jeppestown, Transvaal. 

tRosenhain, Walter, B.A. Park View. Park- road, Teddington. 

§Ross, D. A. 116 Wellington-crescent, Winnipeg, Canada. 

*Ross, Rev. James Coulman. Wadworth Hall, Doncaster. 

fRoss, Sir John, of Bladensburg, K.C.B. Rostrevor House, 
Rostrevor, Co. Down. 

}Ross, John Callender. 46 Holland-street, Campden-hill, W. 
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Election. 


1901. 


1891. 
1905. 
1901. 


1899. 
1909. 


1884. 
1905. 
1883. 
1903. 
1890. 


1881. 
1875. 


1869. 
1901. 


1905. 


1905. 
1904. 
1909. 
1896. 
1904. 


1875. 


1883. 
1852. 
1908. 
1908. 
1886. 
1909. 
1907. 


1909. 
1908. 
1905. 
1909. 
1898. 
1906. 


1903. 


1883. 
1871. 


1903. 


1873. 


tRoss, Colonel Ronan, C.B., F.RB.S., Professor of Tropical Medicine 
and Parasitology in the University of Liverpool. The Uni- 
versity, Liverpool. 

*Roth, H. Ling. Briarfield, Shibden, Halifax, Yorkshire. 

tRothkugel, R. Care of Messrs. D. Isaacs & Co., Cape Town. 

*Rottenburg, Paul, LL.D. Care of Messrs. Leister, Bock, & Co., 
Glasgow. 

*Round, J. C., M.R.C.S. 19 Crescent-road, Sydenham Hill, S.E. 

§Rounthwaite, C. H. E. Engineer’s Office, Grand Trunk Pacific 
Railway, Canada, Winnipeg. 

*Rouse, M. L. Hollybank, Hayne-road, Beckenham. 

§Rousselet, Charles F. 2 Pembridge-crescent, Bayswater, W. 

t{Rowan, Frederick John. 5 West Regent-street, Glasgow. 

*Rowe, Arthur W., M.B., F.G.S. 2 Price’s-avenue, Margate. 

{Rowley, Walter, M.Inst.C.E., F.S.A. Alderhill, Meanwood, 
Leeds. 

*Rowntree, Joseph. 38 St. Mary’s, York 

*Riioxer, Sir Arraur W., M.A., D.Se., F.R.S. (PResrpEent, 1901 ; 
Truster, 1898- ; GENERAL TREASURER, 1891-98 ; Pres. A, 
1894; Council, 1888-91.) Everington House, Newbury. 
Berkshire. 

§Rupier, F. W., 1.S.0., F.G.S. Ethel Villa, Tatsfield, Westerham. 

*Rudorf, C. C. G., Ph.D., B.Sc. Ivor, Cranley-gardens, Muswell 
Hill, N. 

*Ruffer, Marc Armand, C.M.G., M.A., M.D., B.Se. Quarantine 
International Board, Alexandria. 

§Ruffer, Mrs. Alexandria. 

+Ruhemann, Dr. S. 3 Selwyn-gardens, Cambridge. 

§Rumball, Rev. M. C., B.A. Morden, Manitoba, Canada. 

*Rundell, T. W., F.R.Met.Soc. 3 Fenwick-street, Liverpool. 

{Russell, E. J., D.Sc., Rothamsted Experimental Station, Har- 
penden, Herts. 

*Russell, The Hon. F. A. R. Dunrozel, Haslemere. 

Russell, John. 39 Mountjoy-square, Dublin. 

*Russell, J. W. 28 Staverton-road, Oxford. 

*Russell, Norman Scott. Arts Club, Dover-street, W. 

{Russell, Robert. Arduagremia, Haddon-road, Dublin. 

+RussELL, Right Hon. T. W., M.P. Olney, Terenure, Co. Dublin. 

{Rust, Arthur. Eversleigh, Leicester. 

*Rutherford, Alexander Cameron. Strathcona, Alberta, Canada. 

§RuTHERFORD, Ernest, M.A., D.Sc., F.R.S. (Pres. A, 1909), Pro- 
fessor of Physics in the University of Manchester. 

§Ruttan, Colonel H. N. Armstrong’s Point, Winnipeg, Canada. 

tRyan, Hugh, D.Sc. Omdurman, Orwell Park, Rathgar, Dublin. 

+Ryan, Pierce. Rosebank House, Rosebank, Cape Town. 

§Ryan, Thomas. Assiniboine-avenue, Winnipeg, Canada. 

{Ryland, C. J. Southerndown House, Clifton, Bristol. 

*RYMER, Sir JosepH Sykes. The Mount, York. 


{SapierR, M. E., LL.D. (Pres. L, 1906), Professor of Education in 
the Victoria University, Manchester. Eastwood, Weybridge. 

{Sadler, Robert. 7 Lulworth-road, Birkdale, Southport. 

{Sadler, Samuel Champernowne. Church House, Westminster, S.W. 

tSagar, J. The Poplars, Savile Park, Halifax. 

*Salomons, Sir David, Bart., F.G.S. Broomhill, Tunbridge 
Wells. 
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Year of 
Election, 


1904. 
1861. 
1901. 
1907. 
1907. 


1896. 
1896. 
1892. 
1903. 


1886, 
1905. 
1896. 
1905. 


1907. 
1886. 
1900. 
1903. 
1901. 
1887. 


1906. 
1883. 
1903. 
1903. 
1879. 


1888. 
1880. 
1885. 
1905. 
1908. 
1878. 


1905. 
1847. 


1883. 
1905. 
1881. 
1878. 


1889. 


1857. 


1884. 
1902. 


§Saurer, A. E., D.Sc., F.G.S. 12 Clifton-road, Brockley, 8.E. 

*Samson, Henry. 6 St. Peter’s-square, Manchester. 

{Samuel, John 8., J.P., F.R.S.E. City Chambers, Glasgow. 

*Sand, Dr. Henry J. S. University College, Nottingham. 

{Sandars, Miss Cora B. Parkholme, Elm Park-gardens, S.W. 

Sandes, Thomas, A.B. Sallow Glin, Tarbert, Co. Kerry. 

§Saner, John Arthur, Assoc.M.Inst.C.E. Highfield, Northwich. 

tSaner, Mrs. Highfield, Northwich. 

tSang, William D. Tylehurst, Kirkcaldy, Fife. 

tSankey, Captain H. R., R.E., M.Inst.C.E, Palace-chambers, 
9 Bridge-street, S.W. 

tSankey, Percy E. 44 Russell-square, W.C. 

{Sargant, E. B. Quarry Hill, Reigate. 

*Sargant, Miss Ethel. Quarry Hill, Reigate. 

{Sargent, Miss Helen A., B.A. Huguenot College, Wellington, 
Cape Colony. 

§Sargent, H.C. Ambergate, near Derby. 

{Saundby, Robert, M.D. 83a Edmund-street, Birmingham. 

*SaunpeER, 8. A. Fir Holt, Crowthorne, Berks. 

*Saunders, Miss E. R. Newnham College, Cambridge. 

t{Sawers, W. D. 1 Athole Gardens-place, Glasgow. 

§Saycr, Rev. A. H., M.A., D.D. (Pres. H, 1887), Professor of 
Assyriology in the University of Oxford. Queen’s College, 
Oxford. 

{Sayer, Dr. Ettie. 35 Upper Brook-street, W. 

*Scarborough, George. Whinney Field, Halifax, Yorkshire. 

§SCARISBRICK, Sir CHaRLES, J.P. Scarisbrick Lodge, Southport. 

tScarisbrick, Lady. Scarisbrick Lodge, Southport. 

*Scuirer, E. A., LL.D., D.Sc., F.R.S., M.R.C.S. (GrNERAL SEc- 
RETARY, 1895-1900; Pres. TI, 1824; Council, 1887-93), 
Professor of Physiology in the University of Edinburgh. 

*Scuarrr, Ropert F., Ph.D., B.Sc., Keeper of the Natural History 
Department, National Museum, Dublin. 

*Schemmann, Louis Carl. Neueberg 12, Hamburg. 

{Scholes, L. Ivy Cottage, Parade, Parkgate, Cheshire. 

+Schonland,8., Ph.D. Albany Museum, Grahamstown, Cape Colony. 

§Schrédter, Dr. E. 3-5 Jacobistrasse, Diisseldorf, Germany. 

*Souusrer, ArTuuR, Ph.D., F.R.S., F.R.A.S. (Pres. A, 1892; 
Council, 1887-93.) Kent House, Victoria Park, Manchester. 

tSclander, J. E. P.Q. Box 465, Cape Town. 

*ScraTter, Pamipe Luriey, M.A., Ph.D., F.R.S., F.LS., F.G.S., 
F.R.G.S., F.Z.8. (GENERAL SECRETARY, 1876-81; Pres. D, 
1875 ; Council, 1864-67, 1872-75.) Odiham Priory, Winch- 
field. 

*Scrater, W. Luriey, M.A., F.Z.8. Odiham Priory, Winchfield. 

{Sclater, Mrs. W. L. Odiham Priory, Winchfield, 

*Scorr, ALEXANDER, M.A., D.Sc., F.R.S., F.C.S. Royal Institu- 
tion, Albemarle-street, W. 

*Scott, Arthur William, M.A., Professor of Mathematics and Natural 
Science in St. David’s College, Lampeter. 

*Scorr, D. H., M.A., Ph.D., F.R.S., Pres.L.8. (GENERAL SECRE- 
raRy, 1900-03; Pres. K, 1896.) East Oakley House, Oakley, 
Hants ; and Atheneum Club, Pall Mall, 8.W. 

*Scorr, Roszrt H., M.A., D.Sc., F.R.S., F.R.Met.S. 6 Elm Park- 
gardens, 8.W. 

*Scott, Sydney OC. 28 The Avenue, Gipsy Hill, S.E, 

{Scott, William R. The University, St. Andrews, Scotland. 
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1895. {Scott-Elliot, Professor G. F., M.A., B.Sc., F.L.S. Newton, Dum- 
fries 


1883. {Scrivener, Mrs. Haglis House, Wendover. 

1909. §Scudamore, Colonel F. W. Chelsworth Hall, Suffolk. a 

1895. {Scull, Miss E. M. L. St. Edmund’s, 10 Worsley-road, Hamp- 
stead, N.W. 

1890. *Searle, G. F. C., M.A., F.R.S. Wyncote, Hills-road, Cambridge. 

1880. {Srpewrcr, Apam, M.A., F.R.S. (Pres. D, 1899,) 4 Cranmer-road, 
Cambridge. 

1905. tSedgwick, C. F. Strand-street, Cape Town. 

1906. *See, T. J. J., AM., Ph.D., F.R.A.S., Professor of Mathematics, 
U.S. Navy. Naval Observatory, Mare Island, California. 

1907. §Seligman, Dr. C. G. 15 York-terrace, Regent’s Park, N.W. 

1904. {Sell, W. J. 19 Lensfield-road, Cambridge. 

1909. §Sellars, H. Lee. 225 Fifth-avenue, New York, U.S.A. 

1888. *Senrer, ALFRED, M.D., Ph.D., F.C.S., Professor of Chemistry in 
Queen’s College, Galway. 

1888. *Sennett, AtrreD R., A.M.Inst.C.E. Duffield, near Derby. 

1870. *Sephton, Rev. J. 90 Huskisson-street, Liverpool. 

1905. {Serrurier, Louis C. Ashley, Sea Point, Cape Town. 

1°01. {Service, Robert. Janefield Park, Maxwelltown, Dumfries. 

1895. *Seton-Karr, H. W. 31 Lingfield-road, Wimbledon, Surrey. 

1892. *Smwarp, A. C., M.A., F.R.S., F.G.S. (Pres. K, 1903 ; Council, 
1901-07; Local Sec. 1904), Professor of Botany in the Univer- 
sity of Cambridge. Westfield, Huntingdon-road, Cambridge. 

1904. {Sewell, R. B. Seymour. Christ’s College, Cambridge. 

1899. §Seymour, Professor Henry J., B.A., F.G.S. University College, 
Earlsfort-terrace, Dublin. 

1891. {Shackell, E. W. 191 Newport-road, Cardiff. 

1905. *Shackleford, W. C., M.Inst.M.E. County Club, Lancaster. 

1904. {Shackleton, Lieutenant Sir Ernest H., M.V.O., F.R.G.S. 14 South 
Learmonth-gardens, Edinburgh. 

1902. {SHarrespuRy, The Right Hon. the Earl of, D.L. Belfast Castle, 
Belfast. 

1901. *Shakespear, Mrs. G. A. 21 Woodland-road, Northfield, Worcester- 
shire. 

1906. {Shann, Frederick. 6 St. Leonard’s, York. 

1878. {SHarp, Davin, M.A., M.B., F.RB.S., F.L.S. Museum of Zoology, 
Cambridge. 

1904. {Sharples, George. 181 Great Cheetham-street West, Higher 
Broughton, Manchester. 

1889. *Shaw, Mrs. M. S., B.Sc. Brookhayes, Exmouth. 

1883. *SHaw, W. N., M.A., Se.D., F.R.S. (Pres. A, 1908 ; Council, 1895- 
1900, 1904-07.) Meteorological Office, 63 Victoria-street, 
S.W 


1883. {Shaw, Mrs. W. N. 10 Moreton-gardens, South Kensington, S.W. 

1904. {Shaw-Phillips, Miss. 19 Camden-crescent, Bath. 

1903. {Shaw-Phillips, T., J.P. 19 Camden-crescent, Bath. 

1905. {Shenstone, Miss A. Sutton Hall, Barcombe, Lewes. 

1905. {Shenstone, Mrs. A. E. G. Sutton Hall, Barcombe, Lewes. 

1865. {Shenstone, Frederick S. Sutton Hall, Barcombe, Lewes. 

1900. §Sheppard, Thomas, F.G.S. The Municipal Museum, Hull. 

1908. §Sheppard, W. F., Sc.D., LL.M. Board of Education, White- 
hall, S.W. 

1905. {Sheridan, Dr. Norman. 96 Francis-street, Bellevue, Johannesburg. 

1883, {Sherlock, David, Rahan Lodge, Tullamore, Dublin. 

1883, {Sherlock, Mrs. David, Rahan Lodge, Tullamore, Dublin. 
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1896 


1888 
1908. 
1902 
1883. 
1887. 


1909. 
1897. 
1882. 


1901. 
1908. 
1904. 
1889. 
1902. 
1883. 
1877. 
1873. 
1905. 
1903. 
1871. 


. {SaERRiNeTon, C. 8., M.D., D.Sc., F.R.S. (Pres. I, 1904; Council, 
1907- _), Professor of Physiology in the University of Liver- 
pool. 16 Grove-park, Liverpool. 

. *Shickle, Rev. C. W., M.A., F.S.A. St. John’s Hospital, Bath. 

*Shickle, Miss Mabel G. M. 9 Cavendish-crescent, Bath. 

. *Shillington, T. Foulkes, J.P. Dromart, Antrim-road, Belfast. 

*Shillitoe, Buxton, F.R.C.S. 29 Sydenham-hill, 8.E. 

*SarpLey, ArtHur E., M.A., D.Sc., F.R.S. (Pres. D, 1909; 
Council, 1904- .) Christ’s College, Cambridge. 

§Shipley, J. W., B.A. University of Manitoba, Winnipeg, Canada. 

{Snorg, Dr. Luwis E. St. John’s College, Cambridge. 

{SHorg, T. W., M.D., B.Se., Lecturer on Comparative Anatomy at 
St. Bartholomew’s Hospital. 6 Kingswood-road, Upper Nor- 
wood, S.E. 

{Short, Peter M., B.Sc. 1 Holmdene-avenue, Herne Hill, S.E. 

§Shorter, Lewis R., B.Sc. 55 Campden Hill-road, W. 

*Shrubsall, F. C., M.A., M.D. 34 Lime-grove, Uxbridge-road, W. 

{Sibley, Walter K., M.A.. M.D. The Mansions, 70 Duke-street, W. 

tSiddons, A. W. Harrow-on-the-Hill, Middlesex. 

*Sidebotham, Edward John. Erlesdene, Bowdon, Cheshire. 

*Sidebotham, Joseph Watson. Merlewood, Bowdon, Cheshire. 

*StemEns, ALEXANDER, M.Inst.C.E. 12 Queen Anne’s-gate, S.W. 

{Siemens, Mrs. A. 12 Queen Anne’s-gate, S.W. 

*Silberrad, Dr. Oswald. Buckhurst Hill, Essex. 

*Smmpson, Sir ALEXANDER R., M.D., Emeritus Professor of Mid- 
wifery in the University of Edinburgh. 52 Queen-street, 
Edinburgh, 


1863. Simpson, J. B., F.G.S. Hedgefield House, Blaydon-on-Tyne. 


1909. 


§Simpson, Professor J. C. McGill University, Montreal, Canada. 


1908. §Simpson, J. J., M.A., B.Sc. Zoological Department, Marischal 


College, Aberdeen. 


1901. *Simpson, Professor J. Y., M.A., D.Sc., F.R.S.E. 25 Chester-street, 


1907. 


1909. 
1909. 


1894. 
1896. 
1884. 


1909, 
1874. 


1907. 
1905. 


1902. 
1906. 
1883. 


Edinburgh. 

§Simpson, Lieut.-Colonel R. J. S., C.M.G. Care of Messrs. Holt 
& Co., 3 Whitehall-place, S.W. 

*Simpson, Samuel, B.Sc. Wiswell, Whalley, Lancashire. 

§Simpson, Sutherland, M.D. Cornell University Medical College. 
Ithaca, New York, U.S.A. 

§Simpson, Thomas, F.R.G.S. Fennymere, Castle Bar, Ealing, W. 

*Simpson, W., F.G.S. Catteral Hall, Settle. Yorkshire. 

*Simpson, Professor W. J. R., C.M.G., M.D. 31 York-terrace, 
Regent’s Park, N.W. 

§Sinclair, J. D, 77 Spence-street, Winnipeg. 

{Snuvctarr, Right Hon. Tuomas. (Local Sec. 1874.) Dunedin, 
Belfast. 

*Sircar, Dr. Amrita Lal, L.M.S., F.C.S. 51 Sankaritola, Calcutta. 

*SJOGREN, Professor H. Natural History Museum, Stockholm, 
Sweden. 

{Skeffington, J. B., M.A., LL.D. Waterford. 

tSkerry, H. A. St. Paul’s-square, York. 

{Skillicorne, W. N. 9 Queen’s-parade, Cheltenham. 


1898. {SxinneR, Smpney, M.A. (Local Sec. 1904.) South-Western 


1905. 


Polytechnic, Manresa-road, Chelsea, S.W. 
*Skyrme, C. G. 28 Norman-road, St. Leonards-on-Sea. 


1905. {Slater, Dr. H. B. 75 Bree-street, Johannesburg. 
1889. §Slater, Matthew B., F.L.S. Malton, Yorkshire. 


1887. 


{Small, Evan W., M.A., B.Sc., F.G,S. 48 Kedleston-road, Derby. 
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1887. {Small, William. Lincoln-circus, The Park, Nottingham. 

1903. *Smallman, Raleigh S. Homeside, Devonshire-place, Eastbourne. 


1904. 
1889. 


1902. 
1905. 
1892. 


1908 


1897. 
1901. 
1874. 


1873. 
1905. 
1889. 


1900. 
1908. 
1886. 
1901. 


tSmart, Edward. Benview, Craigie, Perth, N.B. 

*Smart, Professor Wint1am, LL.D. (Pres. F, 1904.) Nunholme, 
Dowanhill, Glasgow. 

§Smedley, Miss Ida. 11 Mecklenburgh-square, W.C. 

{Smith, Miss Adelaide. Huguenot College, Wellington, Cape Colony. 

{Smith, Alexander, B.Sc., Ph.D., F.R.S.E. Chicago, Illinois, U.S.A. 

Smith, Alfred. 30 Merrion-square, Dublin. 


{Smith, Andrew, Principal of the Veterinary College, Toronto, 
Canada. 

*Smith, Miss Annie Lorrain. 20 Talgarth-road, West Kensing- 
ton, W. 

*Smith, Benjamin Leigh, F.R.G.S. Oxford and Cambridge Club, 
Pall Mall, S.W. 


{Smith, C. ‘Sidney-Sussex College, Cambridge. 

{Smith, C. H. Fletcher’s-chambers, Cape Town. 

*Smith, Professor C. Michie, B.Sc., F.R.S.E., F.R.A.S. The Obser- 
vatory, Kodaikanal, South India. 

§Smith, E. J. Grange House, Westgate Hill, Bradford. 

{Smith, E. Shrapnell. 7 Rosebery-avenue, H.C. 

*Smith, Mrs. Emma. Hencotes House, Hexham. 

§Smith, F. B. Care of A. Croxton Smith, Esq., Burlington House, 
Wandle-road, Upper Tooting, S.W. 


1866. *Smith, F.C. Bank, Nottingham. 

1897. {Smith, G. Elliot, M.D., F.R.S. St. John’s College, Cambridge. 
1903. *Smith, H. B. Lees, M.A. 16 Park-terrace, Oxford. 

1889. *Smith, Sir H. Llewellyn, K.C.B., B.A., B.Sc., F.S.S. Board of 


1860. 
1876. 
1902. 


1903. 
1894. 


1896. 
1885. 
1909. 
1883. 


1906. 
1905. 
1909. 
1908. 


Trade, S.W. 

*Smith, Heywood, M.A.,M.D. 40 Portland-court, W. 

*Smith, J. Guthrie. 5 Kirklee-gardens, Kelvinside, Glasgow. 

{Smith, J. Lorrain, M.D., Professor of Pathology in the Victoria 
University, Manchester. 

*Smith, James. Pinewood, Crathes, Aberdeen. 

§Smith, T. Walrond. Care of Frank Henderson, Esq., 19 Manor- 
road, Sidcup, Kent. 

*Smith, Rev. W. Hodson. Newquay, Cornwall. 

*Smith, Watson. 34 Upper Park-road, Haverstock Hill, N.W. 

§Smith, William. 218 Sherbrooke-street, Winnipeg, Canada. 

{Smrrnetts, Arruur, B.Sc., F.R.S. (Pres. B, 1907 ; Local Sec. 1890), 
Professor of Chemistry in the University of Leeds. 

§Smurthwaite, Thomas E. 134 Mortimer-road, Kensal Rise, N.W. 

§Smuts, C. P.O. Box 1088, Johannesburg. 

§Smylie, Hugh. 13 Donegall-square North, Belfast. 

§Smyly, Sir William J. 58 Merrion-square, Dublin. 

*Smyru, Joun, M.A., F.C.S., F.R.M.S., M.Inst.C.E.I. Milltown, 


1857. 
Banbridge, Ireland. ; 

1908 §Smythe, J. A., Ph.D., D.Sc. 15 The Poplars, Gosforth, Newcastle- 
on-Tyne. 

1888. *SnarE, H. Luoyp, D.Sc., Ph.D. Balholm, Lathom-road, South- 
port. 

1905. tSoppy, F. The University, Glasgow. = 

1905. {Sollas, Miss I. B. J., B.Sc. Newnham College, Cambridge. 

1879. *Sotnas, W. J., M.A., Sc.D., F.R.S., F.R.S.E., F.G.S. (Pres. C, 


1905 


1900 ; Council, 1900-03), Professor of Geology in the Univer- 
sity of Oxford. 173 Woodstock-road, Oxford. 
_ {Solomon, R. Stuart. Care of Messrs. R. M. Moss & Co., Cape Town. 
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1892. 
1900. 


1879. 
1901. 
1903. 
1903. 
1865. 
1883. 


1909. 
1893. 
1905. 
1864. 


1894. 
1864. 
1864. 


1909. 
1854. 


1905. 
1888. 
1903. 


1883. 
1905. 


1883. 
1894. 
1909. 
1900. 
1905. 
1905. 
1905. 
1905. 
1899. 


1898. 
1907. 
1900. 
1881. 
1892. 


1896. 
1905. 


1908. 
1909. 
1905. 
1884, 


1902. 


*SOMERVAIL, ALEXANDER. The Museum, Torquay. 

*SoMERVILLE, W., D.Sc., F.L.S., Sibthorpian Professor of Rural 
Economy in the University of Oxford. 121 Banbury-road, 
Oxford. 

*Sorby, Thomas W. Storthfield, Ranmoor, Sheffield. 

tSorley, Robert. The Firs, Partickhill, Glasgow. 

{tSoulby, R. M. Sea Holm, Westbourne-road, Birkdale, Lancashire. 

{Southall, Henry T. The Graig, Ross, Herefordshire. 

*Southall, John Tertius. Parkfields, Ross, Herefordshire. 

tSpanton, William Dunnett, F.R.C.S. Chatterley House, Hanley, 
Staffordshire. 

§Sparling, Rev. J. W.,D.D. 159 Kennedy-street, Winnipeg, Canada. 

*Speak, John. Kirton Grange, Kirton, near Boston. 

{Spencer, Charles Hugh. P.O. Box 2, Maraisburg, Transvaal. 

*Spicer, Henry, B.A., F.L.S., F.G.S. 14 Aberdeen-park, High- 
bury, N. 

{Spiers, A. H. Gresham’s School, Holt, Norfolk. 

*SPILLER, JOHN, F.C.S. 2 St. Mary’s-road, Canonbury, N. 

*Spottiswoode,. W. Hugh, F.C.8. 6 Middle New-street, Fetter- 
lane, B.C. 

§Sprague, D. E. 76 Edmonton-street, Winnipeg, Canada. 

*SPRAGUE, THoMmAsS Bonp, M.A., LL.D., F.R.S.E. 29 Buckingham- 
terrace, Edinburgh. 

tSquire, Mrs. Clarendon House, 30 St. John’s Wood-park, N.W. 

*Stacy, J. Sargeant. 164 Shoreditch, E.C. 

{Stallworthy, Rev. George B. The Manse, Hindhead, Haslemere, 
Surrey. 

*Stanford, hdward, F.R.G.S. 12-14 Long-acre, W.C. 

{Stanley, Professor George H. ‘Transvaal Technical Institute, 
Johannesburg. 

{Stanley, Mrs. Cumberlow, South Norwood, S.E. 

*STANSFIELD, ALFRED, D.Sc. McGill University, Montreal, Canada. 

§Stansfield, Edgar. McGill University, Toronto, Canada. 

*STANSFIELD, H., B.Sc. 19 Cawdor-road, Fallowfield, Manchester. 

{Stanwell, H. B. South African College School, Cape Town. 

{Stanwell, Dr. St. John. P.O. Box 1050, Johannesburg. 

{Stapleton, Frederick. Control and Audit Office, Cape Town. 

*Starkey, A. H. 24 Greenhead-road, Huddersfield. 

{Straruine, E. H., M.D.; F.R.S. (Pres. I, 1909), Professor of 
Physiology in University College, London, W.C. 

{Stather, J. W., F.G.S. Brookside, Newland Park, Hull. 

Staveley, T. K. Ripon, Yorkshire. 

§Staynes, Frank. 36-38 Silver-street, Leicester. 

*Stead, J. E., F.R.S. Laboratory and Assay Office, Middlesbrough. 

{Stead, W. H. Beech-road, Reigate. 

*STEBBING, Rev. Tuomas R. R., M.A., F.R.S. Ephraim Lodge, 
The Common, Tunbridge Wells. 

*Stebbing, W. P. D., F.G.S. 78a Lexham-gardens, W. 

{Stebbins, Miss Inez F., B.A. Huguenot College, Wellington, Cape 
Town. 

{Steele, Lawrence Edward, M.A., M.R.LA. 18 Crosthwaite-park 
East, Kingstown, Co. Dublin. 

§Steinkopj, Max. 667 Main-street, Winnipeg, Canada. 

{Stephen, J. M. Invernegie, Sea Point, Cape Colony. 

*Stephens, W. Hudson. Low-Ville, Lewis County, New York, 
U.S.A. 

{Stephenson, G, Grianan, Glasnevin, Dublin. 
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1910. §SrrpHENson, H. K. (Local Treas. 1910.) Town Hall, Sheffield, 

1909. §Stethern, G. A. Fort Frances, Ontario, Canada. 

1908 *Steven, Alfred Ingram, M.A., B.Sc. 54 Albert-drive, Pollokshields, 
Glasgow. 

1906. §Stevens, Miss C.O. 11 Woodstock-road, Oxford. 

1880. *Stevens, J. Edward, LL.B. Le Mayals, Blackpill, R.S.O. 

1900. {Strvens, Frepericx. (Local Sec. 1900.) Town Clerk’s Office, 
Bradford. 

1890. mae Rey. Charles J., F.R.M.S. The Cedars, Anglesea-road, 

pswich. 

1885. *Stewart, Rev. Alexander, M.D., LL.D. Murtle, Aberdeen. 

1905. §Stewart, A. F. 127 Isabella-street, Toronto, Canada. 

1905. {Stewart, Charles. Meteorological Commission, Cape Town. 

1909. §Stewart, David A.,M.D. 407 Pritchard-avenue, Winnipeg, Canada. 

1875. *Stewart, James, B.A., F.R.C.P.Ed. Junior Constitutional Club, 
Piccadilly, W. 

1901. *Stewart, John Joseph, M.A., B.Sc. 2 Stow Park;crescent, New- 
port, Monmouthshire. 

1901. *Stewart, Thomas. St. George’s-chambers, Cape Town. 

1876. {Srrrtoie, Witi1a4M, M.D., D.Sc., F.R.S.E., Professor of Physiology 
in the Victoria University, Manchester. 

1904. §Stobbs, J. T. Dunelm, Basford Park, Stoke-on-Trent, 

1906. *Stobo, Mrs. Annie. Somerset House, Garelochhead, Dumbarton- 
shire, N.B. 

1901. te Thomas. Somerset House, Garelochhead, Dumbartonshire, 

B 


1865. *Stock, Joseph S. St. Mildred’s, Walmer. 

1883. *StockEeR, W. N., M.A. Brasenose Colleze, Oxford. 

1898. *Stokes, Professor George J., M.A. 5 Fernhurst-villas, College- 
road, Cork. 

1899. *Stone, Rev. F. J. Radley College, Abingdon. 

1874. {Stone, J. Harris, M.A., F.L.S., F.C.S. 3 Dr. Johnson’s-buildings, 
Temple, E.C. 

1905. ses orem Miss Bertha, D.Sc. Huguenot College, Wellington, Cape 

olony. 

1895. *Stoney, Miss Edith A. 30 Chepstow-crescent, W. 

1908. *Stoney, Miss Florence A., M.D. 46 Harley-street, W. 

1878. *Stoney, G. Gerald. Oakley, Heaton-road, Newcastle-upon-Tyne 

1861. *Stonzy, Gzrorcr Jounstonr, M.A., D.Sc., F.R.S., M.R.I.A, 
(Pres. A, 1897.) 30 Chepstow-crescent, W. 

1903. *Stopes, Miss Marie, Ph.D., D.Sc. 53 Stanley-gardens, Haver- 
stock Hill, N.W. 

1883. {Stopes, Mrs. 53 Stanley-gardens, Haverstock Hill, N.W. 

1887. *Storey, H. L. Bailrigg, Lancaster. 

1888. *Stothert, Perey K. Woolley Grange, Bradford-on-Avon, Wilts. 

1905. *Stott, Clement H., F.G.S. P.O. Box 7, Pietermaritzburg, Natal. 

1881. {StRaHAN, AusRey, M.A., F.R.S., F.G.S. (Pres. C, 1904.) Geo- 
logical Museum, Jermyn-street, S.W. 

1905. {Strange, Harold F. P.O, Box 2527, Johannesburg. 

1881. §Srranaways, C. Fox, F.G.S. Kylemore, Hollycroft-avenue, 
West Hampstead, N.W. 

1908. *Stratton, F. J. M., M.A. Gonville and Caius College, Cambridge. 

1906. *Stromeyer, C. E. 9 Mount-street, Albert-square, Manchester. 

1883. §Strong, Henry J.,M.D. Colonnade House, The Steyne, Worthing. 

1898. *Strong, W. M., M.D. 3 Champion-park, Denmark Hill, S.E. 

1887. *Stroud, H., M.A., D.Sc., Professor of Physics in the Armstrong 
College, Newcastle-upon-Tyne, 
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1887. *Srroup, Wriu1aM, D.Sc., Professor of Physics in the University- 
of Leeds. Care of Messrs. Barr & Stroud, Anniesland, 
Glasgow. 

1905. {Struben, Mrs. A. P.O. Box 1228, Pretoria. 

1876. *Stuart, Charles Maddock, M.A. St. Dunstan’s College, Catford, 
8.E 


1872. *Stuart, Rev. Canon Edward A.,M.A. The Precincts, Canterbury. 

1885. {Stump, Edward C. Malmesbury, Polefield, Blackley, Manchester. 

1909. §Stupart, R. F. Meteorological Service, Toronto, Canada. 

1879. *Styring, Robert. Brinkcliffe Tower, Sheffield. 

1891. *Sudborough, Professor J. J., Ph.D., D.Se. University College of 
Wales, Aberystwyth. 

1902. §Sully, H. T. Scottish Widows-buildings, Bristol. 

1898. §Sully, T. N. Avalon House, Queen’s-road, Weston-super-Mare. 

1905. {Summer, A. B. Ollersett Booyseux, Transvaal. 

1887. *Sumpner, a! E., D.Se. Technical School, Suffolk-street, Bir- 
mingham. : 

1908. §Sutherland, Alexander. School House, Gersa, Watten, Caithness. 

1903. {Swallow, Rev. R. D., M.A. Chigwell School, Essex. 

1905. {Swan, Miss Hilda. Overhill, Warlingham, Surrey. 

1881. §Swan, Sir JosepH Witson, M.A., D.Sc., F.R.S. Overhill, 
Warlingham, Surrey. 

1905. {Swan, Miss Mary E. Overhill, Warlingham, Surrey. 

1897. {Swanston, William, F.G.S. Mount Collyer Factory, Belfast. 

1908. t{Swanzy, Sir Henry R., M.D. 23 Merrion-square, Dublin. 

1882. *Swaythling, Lord. 12 Kensington Palace-gardens, W. 

1887. {SwrvsurNe, James, F.R.S., M.Inst.C.E. 82 Victoria-street, S.W. 

1870. *Swinburne, Sir John, Bart. Capheaton Hall, Newcastle-upon- 


Tyne. 
1895. {Sykes, E. R., B.A. 3 Gray’s Inu-place, W.C. 
1902. *Sykes, Miss Ella C. Elcombs, Lyndhurst, Hampshire. 
1887. *Sykes, George, H., M.A., M.Inst.C.E., F.S.A. Glencoe, 64 Elm- 
bourne-road, Tooting Common,-8.W. 
1906. *Sykes, Miss M. G. Clarence Cottage, Clare-road, Cambridge. 
1896. *Sykes, Mark L., F.R.M.S. 10 Headingley-avenue, Leeds. 
1902. *Sykes, Major P. Molesworth, C.M.G. Elcombs, Lyndhurst, 
Hampshire. 
1906. {Sykes, T. P., M.A. 4 Gathorne-street, Great Horton, Bradford. 
1905. ee C., M.B. Railway Medical Office, De Aar, Cape 
olony. 
1903. §Symington, Howard W. Brooklands, Market Harborough, 
1885. {Symrneton, Jonnson, M.D., F.R.S., F.R.S.E. (Pres. H, 1903), 
Professor of Anatomy in Queen’s College, Belfast. 
1905. {Symmes, H. C. P.O. Box 3902, Johannesburg. 
1908. {Synnott, Nicholas J. Furness, Naas, Co. Kildare. 


1896. t{Tabor, J. M. Holmwood, Haringey Park, Crouch End, N. 

1904. §Tallack, H. T. Clovelly, Birdhurst-road, South Croydon. 

1903. *Tanner, Miss Ellen G. Parkside, Corsham, Wilts. 

1890. {Tanner, H. W. Luoyp, D.Sc., F.R.S. (Local Sec. 1891), Professor 
of Mathematics and Astronomy in University College, Cardiff. 

1892. *Tansley, Arthur G., M.A., F.L.S. Grantchester, near Cambridge. 

1883. *Tapscott, R. Lethbridge, F.R.A.S. 62 Croxteth-road, Liverpool. 

1908. {TarteTon, Francis A., LL.D. 24 Upper Leeson-street, Dublin. 

1861. ere Je W. 2c Oxford and Cambridge-mansions, Hyde 

ark, W. 


LIST OF MEMBERS: 1909. 1S 


Year of 
Election. 


. {Tate, Miss. Rantalard, Whitehouse, Belfast. ais 
- {Taylor, Benson. 22 Hayburn-crescent, Partick, Glasgow. 
. {Taylor, Rev. Campbell, M.A. United Free Manse, Wigtown, 


Scotland. 


. }Taylor, G. H. Holly House, 235 Eccles New-road, Salford. 

. {Taylor, Lieut.-Colonel G. L. Le M. 6 College-lawn, Cheltenham. 
. *Taylor, H. A. 12 Melbury-road, Kensington, W. 

. {Taylor, H. Dennis. Stancliffe, Mount-villas, York. 

. *Taytor, H. M., M.A., F.R.S. Trinity College, Cambridge. 

. *Taylor, Herbert Owen, M.D. Oxford-street, Nottingham. 

. *Taylor, John, M.Inst.C.E. 6 Queen Street-place, E.C. 

. §Taylor, Miss M. R. Newstead, Blundellsands. 

. *Taylor, Miss 8. Oak House, Shaw, near Oldham. 

. [Taylor, W. A., M.A., F.R.S.E. 3 East Mayfield, Edinburgh. 

. *Taylor, W. W., M.A. 66 St. John’s-road, Oxford. 

. {Taylor, William. 61 Cambridge-road, Southport. 

. *Teacher, John H., M.B. 32 Kingsborough-gardens, Glasgow. 

. {Tzatz, Tuomas Priparn, M.A., F.R.S. 38 Cookridge-street, 


eds, 


E PA wALT. ds Fi H., M.A., F.R.S., F.G.S. (Pres. C, 1893 ; Council, 


1894-1900, 1909-_), Director of the Geological Survey of the 
United Kingdom. The Museum, Jermyn-street, S.W. 


. *Teape, Rev. W. M., M.A. South Hylton Vicarage, Sunderland. 
. {Temple, Lieutenant G. T., R.N., F.R.G.S. Solheim, Cumberland 


Park, Acton, W. 


. *Terry, Rev. T. R., M.A., F.R.A.S. The Rectory, East Isley, 


Newbury, Berkshire. 


. *Tesla, Nikola. 45 West 27th-street, New York, U.S.A. 

. {Tetley, C. F, The Brewery, Leeds. 

. {Tetley, Mrs. C. F. The Brewery, Leeds. 

. *THaNnz, GrorcE Dancer, LL.D., Professor of Anatomy in Uni- 


versity College, London, W.C. 


. [Tutsetron-Dyrr, Sir W. T., KC.M.G., C.LE., M.A., B.Sc., 


Ph.D., LL.D., F.R.S., F.L.S. (Pres. D, 1888; Pres. K, 
1895 ; Council, 1885-89, 1895-1900.) The Ferns, Witcombe, 
Gloucester. 


. *Thoday, D. Trinity College, Cambridge. 
. [Thom, Colonel Robert Wilson, J.P. Brooklands, Lord-street 


West, Southport. 


. *Thomas, Miss Clara. Pencerrig, Builth. 
. *THomas, Miss Ernen N., B.Sc. 3 Downe-mansions, Gondar- 


gardens, West Hampstead, N.W. 


. *Thomas, Joseph William, F.C.S. Overdale, Shortlands, Kent. 

. *Thomas, Mrs. J. W. Overdale, Shortlands, Kent. 

. *Thomas, Miss M. Beatrice. Girton College, Cambridge. 

. [Thomas, Thomas H. 45 The Walk, Cardiff. 

. *Thomas, William. Bryn-heulog, Merthyr Tydfil. 

. *Thompson, Beeby, F.C.S., F.G.S. 67 Victoria-road, Northampton. 
. *Thompson, Claude M., M.A., D.Sc., Professor of Chemistry in 


University College, Cardiff. 38 Park-place, Cardiff. 


. }Tsomrson, D’Arcy W., B.A., C.B., Professor of Zoology in Univer- 


sity College, Dundee. 


. *Thompson, Edward P. Paulsmoss, Whitchurch, Salop. 

. *Thompson, Edwin. 1 Croxteth-grove, Liverpool. 

. *Thompson, Francis. Eversley, Haling Park-road, Croydon. 

: *Thompson, G. R., B.Sc., Professor of Mining in the University of 


Leeds. 
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1893. 


1883. 
1905. 
1909. 


1876. 
1876. 


1883. 
1896. 


1905. 
1894. 
1909. 
1906. 
1890. 


1883. 


*Thompson, Harry J., M-.Inst.C.E., Madras. Care of National 
Bank of India, 17 Bishopsgate-street Within, E.C. 

*Thompson, Henry G., M.D. 86 Lower Addiscombe-road, Croydon. 

tThompson, James. P.O. Box 312, Johannesburg. 

§Thompson, Miss Mabel. Ashbourne Cottage, Blanford-road, 
Reigate. 

*Thompson, Richard. Dringeote, The Mount, York. 

tTHompson, Sitvanus Purvis, B.A., D'Sec., F.R.S., F.R.A.S. 
(Pres. G, 1907 ; Council, 1897-99), Principal and Professor of 
Physics in the City and Guilds of London Technical College, 
Leonard-street, Finsbury, E.C. 

*Thompson, T. H. Oldfield Lodge, Gray-road, Bowdon, Cheshire. 

*Tnompson, W. H., M.D., D.Sc. (Local See. 1908), King’s Professor 
of Institutes of Medicine (Physiology) in Trinity College, 
Dublin. 14 Hatch-street, Dublin. 

{Thompson, William. Parkside, Doncaster-road, Rotherham. 

{Tuomson, Arruur, M.A., M.D., Professor of Human Anatomy in 
the University of Oxford. Exeter College, Oxford. 

*Thomson, E. 22 Monument-avenue, Swampscott, Mass., U.S.A. 

§Thomson, F. Ross, F.G.S. Hensill, Hawkhurst, Kent. 

*Tyomson, Professor J. ArTHUR, M.A., F.R.S.E. Castleton House, 
Old Aberdeen. 

{Tuomson, Sir J. J.. M.A., Sc.D., D.Sc., F.R.S. (PRESIDENT ; 
Pres. A, 1896; Council, 1893-95), Professor of Experimental 
Physics in the University of Cambridge. ‘Trinity College, 
Cambridge. 


. [Thomson, Dr. J. T. Kilpatrick. 148 Norfoll-street, Glasgow. 
. *Thomson, James, M.A. 22 Wentworth-place, Newcastle-upon- 


e 


yne. 
. [Thomson, John. Westover, Mount Ephraim-road, Streatham, 


8.W, 


.*Tyomson, Jon Muar, LL.D., F.R.S. (Council, 1895-1901), 


Professor of Chemistry in King’s College, London. 9 Camp- 
den Hill-gardens, W. 


. [Tuomson, Witt1am, F.R.S.E., F.C.S. Royal Institution, Man- 


chester. ' 


. §Thomson, William J. Ghyllbank, St. Helens. 
. [Thornely, Miss A. M. M. Oaklands, Langham-road, Bowdon, 


Cheshire. 


. *Thornely, Miss L. R. Nunclose, Grassendale, Liverpool. 
. *THornton, W. M., D.Sc., Professor of Electrical Engineering in 


the Armstrong College, Newcastle-on-Tyne. 


. {Thornycroft, Sir John I., F.R.S., M.Inst.C.E. Eyot Villa, Chis- 


wick Mall, W. 


. {Thorp, Edward. 87 Southbank-road, Southport. 

. Thorp, Fielden. Blossom-street, York. . 

. *Thorp, Josiah. 37 Pleasant-street, New Brighton, Cheshire. 

. §Thorp, Thomas. Moss Bank, Whitefield, Manchester. 

. {Tsorez, Jocetryn Fretp, Ph.D., F.R.S. Victoria University, 


Manchester. 


. {Tuorpr, Sir T. E., C.B., Ph.D., LL.D., F.R.S., F.R.S.E., V.P.C.S. 


(Pres. B, 1890; Council, 1886-92.) 61 Ladbroke-grove, W. 


. §THRELFALL, RicHarpD, M.A., F.R.S. 30 George-road, Edgbaston, 


Birmingham. 


. §Tarir, Witttam EpwarD, M.A. (Local Sec. 1908), Professor of 


Natural and Experimental Philosophy in the University of 
Dublin. 80 Grosvenor-square, Rathmines, Dublin. 
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i904. 
1907. 
1889, 
1873. 
1905. 
1874. 


1896. 
1899. 


1902, 
1905. 


1900. 
1907. 
1889. 
1905. 
1875. 


1909. 
1901. 


1876, 
1883. 
1870. 
1868. 
1902. 
1884, 
1908. 
1908. 
1887. 
1903. 
1908. 
1905. 
1871. 
1902, 


1884, 
1887. 


1898. 
1885. 
1847. 
1905. 
1901. 


1893. 
190 


§Thurston, Edgar, C.I.E. Government Museum, Madras. 

§Thwaites, R. H. 28 West-street, Leicester. 

{Thys, Colonel Albert. 9 Rue Briderode, Brussels. 

*TIDDEMAN, R. H., M.A., F.G.S. 298 Woodstock-road, Oxford. 

{Tietz, Heinrich, B.A., Ph.D. South African College, Cape Town. 

{Ticpen, Sir WituaMm A., D.Sc., F.R.S., F.C.S. (Pres. B, 1888; 
Council, 1898-1904), Professor of Chemistry in the Imperial 
College of Science, London. The Oaks, Northwood, Middlesex. 

§Timmis, Thomas Sutton. Cleveley, Allerton, Liverpool. 

tTims, H. W. Marett, M.A., M.D., F.L.S. Deepdene, Cavendish- 
avenue, Cambridge. 

{Tipper, Charles J. R., B.Sc. 21 Greenside, Kendal. 

fTippett, A. M., M.Inst.C.E. Cape Government Railways, Cape 
Town. 

§Tocher, J. F., B.Sc., F.I.C. 5 Chapel-street, Peterhead, N.B. 

§Todd, Professor J. L. MacDonald College, Quebec, Canada. 

§Toll, John M. 49 Newsham-drive, Liverpool. 

{Tonkin, Samuel. Rosebank, near Cape Town. 

{Torr, Charles Hawley. 35 Burlington-road, Sherwood, Not- 
tingham, 

§Tory, H. M. Edmonton, Alberta, Canada. 

tTownsend, J. S. E., M.A., F.R.S., Professor of Physics in the 
University of Oxford. New College, Oxford. 

*TralL, J. W. H., M.A., M.D., F.R.S., F.L.S., Regius Professor of 
Botany in the University of Aberdeen. 

{Tram A. M.D., LL.D., Provost of Trinity College, Dublin, 
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Lausanne ....The University. Utrecht ..%... University Library. 

Leiden ....... University Library. Mientias cjsoce: The Imperial Library. 

WABRO o. .o a 6's University Library = “Sgbbose Central Anstalt fiir 

Hisbon....... Academia Real des Meteorologie und 

: Sciences. Erdmagnetismus. 

BEATE oss oo ss The Institute. AUITA GC Hee a eye) «/s = 2 Naturforschende Ge- 

Modena ...... Royal Academy. sellschaft. 

Moscow:....; Society of Naturalists, 

ASTA. 

ONT vad vio oo. % The College. | Calcutta ..... Medical College. 

Bombay ..... Elphinstone Institu- | —— ....... Presidency College. 
tion. Ceylon). «)stesc2 The Museum, Co- 

ee Grant Medical Col- | lombo. 
lege. | Madras. ...... The Observatory. 

Calcutta ..... Asiatic Society. | Se ke ees University Library. 

= SGARaooe Hooghly College. = | Tokyo ....... Imperial University, 

AFRICA. 
Cape Town ....The Royal Observatory. 
se eletatel'e ctttete .South African Association for the Advancement 
of Science. 
Sacatapecisiae South African Public Library. 


..--Publio Library. 
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96: BRITISH “ASSOCIATION, 
we 
AMERICA, 
Albany ...... The Institute. Montreal ..... Council of Arts and 
Ambherst..... . The Observatory. Manufactures. 
Baltimore ....Johns Hopkins Uni- | —— _...... McGill University. 
versity. New York ...American Society of 
Boston .;:....American Academy of Civil Engineers. 
Arts and Sciences. | —— ......- Academy of Sciences. 
eee Ce Boston Society of | Ottawa....... Geological Survey of 
Natural History. Canada. 
California..... The University. Philadelphia .. American Philosophi- 
—— eens Lick Observatory. cal Society. 
eM ovatels ts Academy of Sciences. | —— ....... Franklin Institute. 
Cambridge ...Harvard University | —— ....... University of Penn- 
Library. sylvania. 
Chicago ...... American Medical | Toronto .....The Observatory. 
Association. —— seeeeee The Canadian Insti- 
——— “Ueeisceles Field Museum of tute. 
Natural History. et aves The University. 
Kingston ..... Qucen’s Universiti. Washington... Bureau of Ethnology. 
Manitoba ....Historical and Scien- | —— ....... Smithsonian Institu- 
tific Society tion. 
EOL The University. —— seen ee Tke Naval Observa- 
Massachusetts .Marine Biological tory. 
Laboratory, Woods | —— ....... United States Geolo- 
Holl. gical Survey of tho 
Mexico ...... Sociedad _ Cientifica Territories. 
‘ Antonio Alzate.’ i eee Library of Congress. 
Missouri ..... Botanical Garden. aay ea keer Board of Agriculture 
AUSTRALIA, 
Adelaide ........-. The Colonial Government. 
Sa als inte aes The Royal Geographical Society. 
Brisbane... .w%s essen Queensland Museum. 
Melbourne ......+> Public Library. 
Sydney“ nmi care Public Works Department. 
+ Aaistn onayoyeve tele Australian Museum. 
a TasMania ss. venice Royal Society. 
Victoria. < <aicsf adele y The Colonial Government. 
NEW ZEALAND. s 
z Canterbury ........ The Museum. Khe 
Wellington ........ New Zealand Institute. 


PRINTED BY 
SPOTTISWOODE AND CO, LTD., LONDON 
COLCHESTER AND ETON 


coe en 
aie 


Re 
tH, 
; 


SS 


Ad Ket Pe 
Pais 


J 
4 


